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SECTION 14 
MODULATOR CIRCUITS 
PART A, ELECTRON-TUBE CIRCUITS 


AMPLITUDE MODULATION (AM). 

Modulation is the process by which a signal (or signals) 
containing intelligence (modulating signal) is impressed on 
some other signal (usually a radio frequency, called the 
carrier). There are three basic methods for accomplishing 
modulation: 

a. Amplitude Madulation. In this method the modu- 
lating signal and carrier signal are combined in such o 
tuner Gs to cause the amplitude of the resultant waveform 
to vaty in step with the changes in the moduiating signal. 

b. Frequency Modulation. In this method the output 
frequency is varied in accordance with the modulating 
signal, 

C. Phose Modutation. In this method the phase of 
the output signal is varied in accordance with the modulat- 
ing signal, 

Only amplitude modulation will be discussed in this para- 
graph. 

Usually, in amplitude modulation, the modulation vari 
at an audio rate because the intelligence to be realaeatttad 
consists of voice, music, or other audio frequencies; the 
signal which is modulated is a radio-frequency signa! of a 
constant amplitude and frequency, known as the r-f carrier. 
As will be seen later, once the modulation is achieved, the 
i-f carrier is no longer necessary and need not be trans- 
mitted, or may be transmitted at a reduced amplitude, for 
certain specia! applicutions. 

Modulation is normally achieved by varying the voltage 
applied to one of the elements of an electron tube, and the 
modulator circuits are classified accordingly. For example, 
varying the grid bias of a tube to obtain modulation is 
known as gtid modulation, while varying the cathode wuitaye 
to obtain modulation (a similar process) is called cathode 
modulation. Modulators are further subdivided into two 
general classes - high level and low level, The high-level 
modulator usually employs plate circuit modulation; it 
usually modulates the final (output) stage of a transmitter, 
and it usually Tequites an audio power amplifier (modulator) 
capable of supplying SO percent additional power over the 
maxinuit uf lated output of th I transmitter 
ampiifier stage for 100 percent modulation. The low-level 
modulator usually modulates a stage preceding the finai 
Stage of the transmitter. The exact audio power requiie 
depends upon the stage modulated. When low-level modu- 
d then the stages following the moauiatea 
stage eel be operated as linear power amplifiers, 

Strictly speaking, high-level modulation 1s det: 
modulator produced at a point in the system where the 
power leve} approximates that at the output of the system. 
Low-level modulation is defined ns modulation produced at 
a point in a system where the level is low as compared with 
the power level at the output of the system. This does not 
igh-level modulction must aiways be applied tc 


the plate of the output tube, or that low-level modulation is 
always applied to the gfid of an intetiieuiuic otugé. In 
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Navy equipment, modulation applied to the grid circuit of 

the power amplifier is referred to as low-level modulation. 

A combination of plate and screen modulation is referred to 
GS high-level modulation. 

High-level modulation seems to predominate in the low- 
and moderate-power fields, since it gives somewhat better 
efficiency and less distortion for the some POWeTS: However, 
in the extremely high-power field or wneve broad-band stages 
are necessary (as in television), low-level modulation 
seems to be preferred. Theoretically, witn the same amount 
of sideband power, both modulation methods are equal. 

The original concept of the modulated signal was that 
of a basic carrier frequency with an envelope which varied 
with the madulation impressed upon it, as shown in the 


Modulation Envelope 


accompanying figure. This concept is still valid, but 1s 
misleading inasmuch og it appears that for the signal to be 
reproduced, the corrier is required. Further analysis and 
investigation have proved that when modulation is accom- 
plished, three signal frequencies are generated. One fre- 
quency is higher in frequency than the carrier by the fre- 
quency of the modulating signal; the second is the middie 
frequency, or carrier; the third frequency is that of the lower 
sideband, which is lower than the carrier by the frequency 
of the modulated signal. The sidebands are produced by 
mixing the audio modulating frequency against the carrier 

to produce the sum and diffetence frequencies. At the time 
modulation is accomplished, and at the timeol detection oz 
demodulation, the carrier is required, but it can be either 
portially or entirely suppressed from the output as long as 

a similar signal (with same p phase and polarity) is 
at the receiver. Tt must 
pane is indepen 


oO be understoa 


i, dha Conaans 


lating eaten as the ether. sideband being 


Thus the carrier and one (elther) sideband can be eiimi- 
d, which is done ai single-sideband oper 
Since the sideband frequencies are trans 
with the carrier trequency, it 18 evident that the tuqui 
bandwidth occupied is twice that of the modulating fre- 
quency. Theretore, the modulated signa! requires more 
space than the eS so since treadercies up 
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sidebar:d operation on a comparative basis, with only one 
sideband transmitted, only 3 ke is required. To broadcast 
music and speech with reasonably good quality, a 10-kce 
bendwidth is sequired when using AM double sideband. 

As stat ‘ore for plate modulation, a 50% increase 
an power above the normal carrier power is required to 
achieve 100% modulation, The following figure illustrates 
these conditions. Thus each sideband contains one-half 
of the total audio power supplied (that is, 25 percent of the 
carrier power). For the composite signal, however, the 
cerrier contains 66-2/3% of the total energy, with 33-1/3% 
of the total energy represented in the two sidebands, That 
is, approximately one-sixth of the total power is contained 
in each sideband (50 + 200 + 5G, or a total of 300 divided 
ona 2-to-1 basis), To achieve this result, the modulator 
must drive the modulated amplifier plate voltage down to 
zero and then to twice the normal plate voltage, as illus- 
trated previously. Since the peak power varies as the 
square of the plate voltage, a peak power of four times 
normal is produced at 100% modulation. For plate modula- 
tion a Class C biased r-f amplifier is used because its 
output varies linearly with plate voltage. To produce low- 
level modulation a Class B linear amplifier is employed, 
in which the output varies as the square of the excitation 
voltage. The Class B amplifier is adjusted for maximum 
output and then reduced to one-quarter maximum output ond 
driven to four times this power on peaks. Or, as is generally 
done with most of the efficiency types of modulation, the 
plate current on the output stage is adjusted (by changing 
the output load) for one-half maximum plate current (the 
output varies as the square of the plate current) and the 
peak power output is four times normal. In any event, 
plate modulation is characterized by a steady d-c plate 
current indication, and low-level and efficiency types by a 
varying d-c plate current indication. In eachcase the 
results are similor as far as amplitude variations are con- 
cemed; however, the distortion and linearity vary from type 
to type. 

The amount of modulation is expressed in percentage 
based upon the amplitude of the carrier. When the ampli- 
tude of the modulated signal reaches twice the carrier 
amplitude on positive peaks and reduces to zero on negative 
peaks, as illustrated above, the modulation is 100%. At 
any in-between values the modulation is less than 100%. 
Since the power in the sidebands varies as the square of 
the amplitude, it also varies as the square of the modulation 
percentage. Therefore, for a 50% modulated signal the side- 
band power is only one-quarter of that available at 100% 
modulation. it is evident, then, that the percentage of £ 
modulation must always be kept os near 100% modulation 
os possible. When the modulation exceeds 100%, the nega- 
tive peaks cross the zero level and the signal is effectively 
chopped off, creating carrier shift, distortion, and severe 
adjacent-channel interference with other stations. For a 
sine-wave signal the amplitude variations above and below 
the average are even. There are other waveforms, however, 
which are not equally spaced ot symmetrical, such as 
speech, Certain speech sounds contain large positive peak 
components and if the system is properly polarized, the 
neyctive component is of smaller amplitude. In this special 
case it is possible to modulete more than 100% on positive 
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peaks without causing carrier shift. Therefore, the criterion 
for 100% modulation is generally considered as being the 
amplitude at which the negative peaks are just driven to 
zero, regardless of the positive peak amplitude. On the 
same basis, since speech is complex and not « sine wave, 
t con easily be seen that setting the modulation level with 
a tone signal for 100% will result in a loss of modulation, 
as only occasional peaks will reach this value. Thus the 
general practice of dyancing the gain control so that 
occasional positive peaks exceed that value required for 
100% modulation produces more effective speech communi- 
cation with a slight amount of distortion and extemal inter- 
ference. In the design of modern transmitters and speech 
equipment for voice communication, peak clippers are used 
to permit a greater average level of modulation without ex- 
ceeding the 1G0% limit. Por brcdcast and high-tidelity 
tronemissions, however, the modulation must be set so that 
the peaks never exceed 100%. 

Recanse the inteliidence which is impressed as modu- 
lation on the carrier is of prime importance, tie modulator 
(and output stage) must be linear; that is, it must produce 
a minimum of distortion. Distortion can be caused by incor- 
rect ampli ) fi 


ide, extraneous {spurious} frequencies injected 
during the modulation process, phase shift at some frequen- 
cies exceeding that at others, and other conditions. These 
items will be discussed as circuits are analyzed. 

Since modulation involves an increase of power in the 
modulated stage, it is important that the electron tubes used 
to supply the output signal have sufficient reserve emission 
to permit 100% modulation on peaks; otherwise, the signal 
wiil be clipped. Also, the tubes must be op: 
reduced ratings so they will handle the excess power dissi- 
pated during modulation without exceeding the voltage and 
cument ratings for the elements. With good design the tubes 
wili operate without showing any sign ef plate heating, and 
under average conditions they may show just a trece of color 
on modulation peaks. 


CHOKE (HEISING) MODULATOR. 


APPLICATION. 

The choke (Heising or constant current) modulator cir- 
cuit is used toproduce 100% high-level plate modulation ot 
the transmitter output stage. in tne eariy day uf iudio is 
was the most popular modulator circuit because of its 
and economy of parts, plus good performance. 


CHARACTERISTICS. 
uses 4 Single Chore fii dn undedonce -Voup 
ment to match the modulator to the CUtpUy Stooge 
‘)perates ato fi E 
Output stage. 


MeL viiyge 


Can bead 


stand 


itis the most 
t is not as efficient as the transformer-coupied circuit. 


CIRCUIT ANALYSIS. 


Generai. “Cnete are 
cunt, twooot which will 
ute caeal iui dint TS 
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One version uses a tapped choke, which is usually connected 
as an autotransformer. Basically, then, the tapped-choke 
type is equivalent to the transformer-coupled type except 
for the transformers isolation of the pamary and secondary 
windings and the effects incidental thereto. Also, it is 
practically os expensive tc build the tapped-ch 
gs the transforme:-coupled circuit, so little is gained by 
second version nesmitrer plate voltuge 


iis use. In the second versio. 
dropping resistor is not used, 50 that 100% modulation 
cannot be obtained; therefore, it is considered a less desir- 
able circuit. The remaining circuit to be descrined is the 
basic Heising circuit, which is also known as a ‘/constant 
current’? modulator. This latter name is derived from the 
use of a common choke in the power supply lead, which 
tends to keep a constant curren Howing; thus when the 
transmitter current reduces hecause of uuwduleiion, the 
modulator current increases a like amount, and vice vers. 
simpler and more easily understood anaiogy is Ww consider 
qual ce the lure it- 


nat the medulater cutput vel) 


age applied to the 
they add, making the instantaneous tota! 
equal to 2E:: on negative peaks they subtract and drive the 
voltage to zero. Thus the instantoneous voltage vuries 
from zero to two times maximum, and the current does like- 
wise. For this type of circuit the modulator is simply ¢ 

Class A power amplifier capable of supplyina 33-1/3% of 
the coral wansmitter Gutput power (50% of rated carrier 
power, neglecting losses). Since a Class A amplifier is 
normally linear, the instantaneous signal varies equally for 
positive and negative signals {assuming equal drive, equal 
nals, and ne dis 1s the average plate current 
temuins steady (for 100% : 
vary as indicated by a plate meter. The insiantasous 
signals, however, are constantly varying in accoriance 
the modulation imoressed, 

Tne Heising circuit has net been very popular up to 

now because of its lack of plate efficiency, and because 
advances in the art have deyeiuped other mote eificieat 
modulator circuits requiring much less audio powei, j1uv- 
ever, the Heising circuit once again is gaining in populanty 
because oj its simplicity, Gud does setve os a basic circuit 
for studying ans estanding nasic modulatu: ple: 
thus leading to an understanding of other types of wodut 


ge 


smitter, Gnd That On positive pou? 
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als. 
Circuit Operation. A typical choke mod: 
shown schematically in tne figure peluw. 
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Typical Choke (Heising) Modulator Circuit 


Capacitor Cl is selected to offer minimum reactance at the 
lowest usable frequency so as to pass the lower audio fre- 
quencies around Rl without attenuation. Since the higher 
frequencies are offered much less attenuation, Cl effectively 
bypasses R1 completely for the audio frequencies (assuming 
that the modulation is audio). The grid drive of V2 is con- 
sidered to be more than that necessary to drive the tube to 
saturation, with a d-c bias voltage of twice the amount 
needed for cutoff operation. Therefore, V2 is operating as 

a Class C amplifier and is assumed to be linear. That is, 
the plate current and r-f tank current of V2 vary linearly 
with o change in plate voltage. Thus, as the instantaneous 
plate voltage of V2 is varied, the instantaneous plate cur- 
rent and r-f tank current vary likewise. In this mode of 
operation, V2 appears as if it were a pure resistance con- 
nected between Rl and ground, and the value of this re 


sistaice is: Ry = a 
P 


The output of V2 is designed to produce the proper plate 
current ct full load for the plate voltage set by Rl, to 
produce the desired plate load resistance for modulator VI. 
Tube V1 is operated as a Class A audio amplifier, with 
cathode bias supplied by Rx bypassed by Cx. In this case 
the method of supplying bias is immaterial; it can be ony of 
the methods applicable to a power amplifier, The modulator 
input to the grid of V1 is shown transformer-coupled, but 
can be by any method that will supply sufficient drive. 
Since the tube is operating Class A, no grid current is 
drawn, and only sufficient voltage need be supplied to 
operate the tube over the linear portion of the tube grid- 
plote transter characteristic. When the input (modulation) 
signal goes positive, the plate current of V1 increases and 
produces a voltage drop across choke L] in a negative 
direction; for a negative input the plate current of V1 
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decreases, reducing the drop across LI, so that effectively 
the voltage at the plate of V1] increases (goes positive). 
Since tube V1 normally operates at a quiescent value of 
current and voltage (Class A biased), the result of an input 
signal is to instantaneously increase or decrease the plate 
voltage and current in accordance with the grid modulation. 
When the plate voltage of V1 goes positive, the purity is 
such that it adds to the source voltage Epp obtained from 
the power supply; when it goes negative, the source valtage 
is reduced. It can be seen then, that at the peak of the 
negative modulator swing, the maximum positive instantane- 
ous plate voltage applied to V2 is the sum of the d-c power 
supply voltage, set by Rl and the audio component on the 
plate of V1 coupled through Cl. If properly adjusted, the 
audio voltage developed by V1 will just equal the d-c volt- 
age supplied V2, and the instantaneous plate voltage sup- 
plied to V2 will be zero, while on the positive modulator 
swing it will be twice that of the normal applied d-c plate 
voltage. Without resistor Ri in the circuit, the plate volt- 
age of V1 would have to be driven to zero to reduce the 
instantaneous plate voltage of V2 to zero. When reduced to 
zero no plate current would flow in V1, the tube would no 
longer operate Class A, and distortion would be produced. 
Likewise, on the positive swing, the d-c voltage drop 
through L1 would be subtracted from the V2 plate voltage, 
and the instantaneous plate voltage would never reach the 
two-times-normal value. With Rl correctly adjusted, the 

d-c plate voltage of V2 is always less than that of V1, and 
the positive and negative swings of V1 are sufficient to 
drive the plate voltage of V2 from zero to two times normal, 
thus producing 100% modulation. It is evident that, since 
the output of V2 is varying linearly in accordance with the 
plate voltage swings produced by the modulating signal, 

V2 is amplitude-modulated. When the plate voltage of V2 

is increased, the plate current is increased also. To 
increase the plate voltage of V2 instantaneously, it is neces- 
sary for the plate current of V1 to be reduced during that 
instant. Choke L1 supplies the energy for this power change 
through its collapsing field as the plate current of V1 re- 
duces. Thus the power supply current drain remains sub- 
stantially constant, even though the instantaneous vari- 
ations of current and voltage in this circuit are from zero 

to twice the normal value; hence the derivation of the term 
constant current modulation, as applied to the average d-c 
drain. 

The modulated tube (I-f amplifier) must be operated at 
below maximum ratings of tube current and voltage during 
modulation because of the possibility that the instantaneous 
variations of voltage and current will exceed the safe rat- 
ings during sustained peaks of modulation when the peak 
power is four times maximum. Conversely, the modulator 
tube (which supplies half the power taken by the r-f ampli- 
fier) is at best only 30% efficient as compared with 70 to 
80% for the r-f amplifier, and is subject to the same range 
of instantaneous voltages and currents (or peak power). 
Therefore, this type of modulator usually uses a tube of 
equivalent or greater power rating than the r-f amplifier 
being modulated. Like the Class A amplifier, the modulator 
just discussed produces the least amount of distortion; 
however, because of its low efficiency, it has become prac- 
tically obsolete in favor of other more efficient types. 
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Vacuum Tube Considerstions. While the preceding cir- 
cuit discussion was based upon triodes, this modulator may 
be used with other types of electron tubes if the proper elec- 
trade voltages and currents are applied. For screen-grid 
tubes of the tetrode, beam, or pentode type, it is important 
that the modulation be applied to the screen grid as well os 
to the plate. This is usually accomplished by using a series 
voltage-dropping resisiur lium the plate to screen, for 
screen voltage supply, so that both electrodes have the 
same modulation impressed upon them. Thus, as the screen 
controls the plate current, it permits {ull swing on positive 
peoks and reduced swing on negative peaks, effectively 
aiding the modulation process. The reduced swing on the 
negative peaks prevents the plate voltage from falling below 
that of the screen and creating a virtual cathode. Since the 
series screen resistor does not permit plate current cutoii, 
bias is chosen on the basis of projected cutoff for a fixed 
screen voltage under quiescent conditions. In addition, 
the power from the modulator must be sufficient to supply 
the screen modulation power, or about i0% additional. In 
circuits using a fixed screen voltage supply, 100% modu- 
lation is achieved by inserting a series choke of about $ 
henries between the screen and the screen supply. The 
electrical inertia of the choke produces an effect similar 
to the constant current action. When the plate current is 
greatest and tends to increase beyond the limits fixed by 
the screen voltage, the plate robs the screen of electrons 
and decreases the screen current. Whereupon, the reduction 
of current through the choke produces an induced voltage 
because of the collapsing lines of force in the choke field. 
This voitage is in the direction which continues current 
flow (that is, an increase in screen voltage}, and the effect 
is similar to that caused by the modulation superimposed 
on the series screen connection. Likewise, on the negative 
peaks of the modulating signal, the screen current tends to 
increase, because less plate current is drawn and the 
screen tends to become the plate. The Increased screen- 
current flow through the screen choke produces an opposil 
voltage, which tends to decrease the screen voltage and 
the total current permissible, and reduces plate swing. 
Thus the raising and loweting of screen voltaye with modu- 
lation is simulated by the choke, permitting practically 
100% modulation. Without the choke the modulation is 
limited to about 90 to 35%. 


FAILURE ANALYSIS. 
No Output. Lack of 
either the tansmitte: 
Even though the modu 
tank circuit, a shorted or gassy electron 
grid excitation ia ibe vanplits 
indication. Checking the r-t amplitier plate jeter will indi 
cate whether the circuit is complete and wheth 
dip can be cbiained; also, a check o1 qrid drive meter 
will determine whether excitation exisis. Lack of grid 
drive indicates trouble in the transmitter, while lack 
plate current places the trouble in either the transiniitet o7 
the modulator. Where the modulator plate meter indicates 
but the uansmitter does not, the orobability is an open 
diouping 7 oF, open RFC, o: poor transmitter tube; the 
ce te 


trouble can he fentared wiih! 
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off the high voltage and use a shorting bar before connect- 
ing the meter). If both the modulator and transmitter meters 
are not indicating, either the power supply is defective or 
madulater choke Ll is open. With both meters indicating 
but with no modulation, either a shorted modulation choke, a 
bad modulator tube, or lack of modulator drive may be sus- 
pected. High plate current usually indicates short-circuited 
components or lack of bias, while low plate current indicates 
acessive bias, high-tesistance joints, or poor tube emis- 
sion. Voltage checks on the grid and plate elements will 
indicate continuity as well as terminal voltages. No output 
generally indicates lack of voltage, lack of continuity, or 
short-circuit conditions. A tesistance check to ground will 
be helpful, but is normally unnecessary. With the voltages 
and currents usually involved in high-power transmitters 
and modulator, breakdowns are usually ohyious from external 
symptoms such as arcing, charting, dnd burning; on ON 
power equipment additional test equipment may have to he 
used. But remember, DANGEROUS voltages are ae 
take ali sufety precautions before connecting or tisconnect- 
ing any test equipment. 

Low Output, It must first be determined whether the 
low output is lack of audio power or reduction in percentage 
of modulation. While low modulation is normally due to 
lack of sufficient audio power, this can occur from a reduced 
setting of the audio driver gain control, or from trouble 
the speech amplitier stages which drive the modulator. hn 
oscilloscope is very useful in determining the cause of 
malfunctioning since the waveform may be directly observed. 
For simple, quick tests of modulation percentage, the 
trapezoidal pattern is useful. The waveform check, however, 
can show both percentage af modulation and distortion, and 
is more useful. Too high a grid bias will cause a reduction 
of output (with the same drive). A short-circuited coupling 
capacitor will eliminate the dropping resistor for the rf 
amplifier, so that the percentage modulation will be reduced, 
and even with incteased drive the 100% level will not be 
reached, But, since the cupacitor is shunted by the dropping 
resistor, such trouble is rather intrequent. On the other 
hand, since the dropping resistor is constantly carrying the 
current of the rf amplifier, it will most likely change in 
value with age. If it increases in value sufficiently, over- 
modulation willoccur, even though the stage can be loaded 
by ontenna coupling adiustments to the operating value of 
current. While the modulator load will be correct, the 
reduced voltage will permit less swing: thus the same audio 
output will overdrive and cau: i 
by a varying plate mete: wi 
hy with modulation, if the 
ficient in either the Wansmitier or the eaimaty oc 
there will be come movement of the plate current 


Qvermodule 
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on will he indicated by more than nurnai 


movement. Where the power supply regulation is satisfactory, 
the normal meter indication will be sock-steady, 
meter movement will indieate avermodulation or u distoried 
condition. 

A modulation choke that has partially shorted turns may 
not be easy to locate irom external appearence, but w 
pare ie up as low power Output, as well us in, 


distorted Ordinarily, 


" 


od 


condition can be located only by substitution nia new choke 
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after the other parts have been eliminated by systematic 
analysis. 

Lack of filament emission in the r-£ amplifier of mudu- 
lator tube will cause peak clipping and inability to obtain 
100% undistorted modulation. 

Distorted Output. Distortion is usually obvious when 
monitoring audio modulation. It may occur from a number 
of causes. For example, overmodulation will cause cartier 
shift, severe interference with other stations, and distortion. 
Changing of the modulator load impedance, by adjusting the 
t-f amplifier output loading for different currents than normal, 
will change the modulator load line; depending upon the 
Magnitude of the change, this condition may be easily de- 
tected, or a special check may be required to determine the 
amount of distortion. Any change of grid bias will shift 
the operating point and require a change of drive. With low 
bias the input will be clipped and distorted, and with high 
bias a larger input signal will be required; thus speech 
amplifier distortion will most likely be increased. Should 
the bias reach the Class B point, actual plate current cutoff 
will cause distortion, while with Class AB operation there 
is the possibility that grid current being drawn on peaks 
may cause some distortion. Thus the region of operation 
between Class A and Class B becomes somewhat of a prob- 
lem. With proper drive and with symmetrical modulation, 
little or no distortion will occur; on the other hand, with 
improper drive and with large unsymmetrical or sustained 
peaks of modulation, excessive distortion can result. 

Lack of sufficient plate voltage will cause a reduction 
of plate swing, and thus cause distortion by plate clipping. 
Shorted modulator turns can cause an insufficient inductive 
effect to produce the amount of modulation required, and 
thereby result in distortion. A change in the value of the 
coupling capacitor will result in different attenuation for 
different frequencies, so that attenuation of these frequen- 
cies (usually the low frequencies) wil! cause another form 
of distortion, 

Lack of sufficient filament emission in the r-f amplifier 
{and modulator) tubes will cause peak clipping, produce 


distortion, and make it impossible to abtain 100% modulation, 


TRANSFORMER-COUPLED PLATE MODULATOR. 
APPLICATION. 


The transformer-coupled plate modulator circuit is 
used to produce high-level modulation of the transmitter 
t-{ output stage. It is used for both low- and high-power 
applications, particularly where it is desired to use a 
triode as a high-level modulator. 


CHARACTERISTICS. 

Uses a transformer to match the modulator stage to 
the transmitter output stage. 

Supplies an audio (modulator) output equivalent to 
one-half the d-c input power of the r-f output stage. 

Operated class A for a minimum of distortion with 
low efficiency and low output, or class 8 for highest 
efficiency with some distortion. When operated between 
the two classes (Class AB or AB’), intermediate values 
of efficiency and distortion are produced. 
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Uses triode type electron tubes only (see Trans- 
former-Coupled Plate and Screen Modulator circuit for 
tetrodes), 


CIRCUIT ANALYSIS, 

General. Before reading this discussion, read the 
introduction to this section covering Amplitude Modu- 
lation (AM), page 14-1, for background. A better un- 
derstanding of the various voltage and current relation- 
ships in class C amplifiers will also be obtained by 
teviewing RF Power Amplifier Circuits (Class B or C) 
for both single-ended and push-pull applications, in 
Section 6, Part A of this handbook. 

The high-leve! plate modulator uses the audio out- 
put of a conventional a-f power amplifier (the modulator) 
to produce a modulated r-f output signal in the plate 
circuit of the transmitter r-f amplifier connected to the 
antenna. A typical high-level system is shown in the 
accompanying block diagram. The transformer-coupled 
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High-Level Modulation System 


plate ond screen modulator which is used with screen- 
qrid tetrodes and pentodes employed as the final RF 
power amplifier is a variation ofthis type of modulator 
circuit; it is discussed separately later in this section 
of the handbook. 

High-level modulation is defined as modulation pro- 
duced at a point in the system where the power level 
approximates that at the output of the system, There- 
fore, plate modulation always involves considerable 
power output from the modulator. For 100-percent 
modulation, the plate modulator must produce an out- 
put equivalent to 50 percent of the d-c input power to 
the final r-f power amplifier. For an r-f power amplifier 
having an efficiency of 80 percent and an rf carrier 
output power of 100 watts, the total d-c input power 
would be 125 watts. The power required from the» 
modulator would be one half of this, or 62.5 watts, and 
the resulting output to the antenna would be 100 watts 
of carrier power and 50 watts of audio (sideband) power, 
For high-power operation the circuit must incorporate 
design considerations to prevent corona loss, arcing 
and flashover, and damage or destruction of parts. On 
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the other hand, for low-power applications as in mobile 
operations, the audio power is relatively small (for 
example, 50 percent of 5 watts is only 2.5 watts) and 
may be handled by receiving type audio amplifier output 
stages. Regardless of power output, however, the basic 
principles of operation are the same. 

Modulation involves frequencies other than audio, 
such as video (television} or pulses (control systems, 
or telemetry}; however, since modulators are conven- 
tionally associated with audio frequencies, other types 
of signals which may affect modulator circuit operation 
are discussed only as required to bring out the manner 
in which they differ from audio use. The accompanying 
chart illustrates some typical ranges of frequencies 
involved for various forms of modulating signals. 
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Frequency Ranges Required 


‘The maximum power from u particular transmitter 
with a given type of electron tube operating at its maximum 
ratings can be obtained when operating the transmitter 
in the Al (CW) mode of emission. When using the A3 
{AM) mode of emission, the power output for plate modula- 
tion is about 20 percent less than for CW operation. 
The reason for this is that during plate modulation, at 
the peck of the modulation cycle (at 100% modulation), 
the plate s 
increased 
tube ratings will not be exceeded, the ‘ths a 
operated below its normal operating pout 
‘er, Other factors that affect the power output from 
2 piete-moinisted stage are the loading of ine antenu 
of antenna coupling) and the value of the 
load impedance that the r-f am; t 
modulator, The power outout of the modulator and th 
distortion it develops are directly denendent 
upon the loaded value of plate current and voltage applied 
to the r-f stage. 

The plate efficiency of the high-level, a sd 
constant out Fi percent, and does not 
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no modulation is at a maximum value in the plate- 
modulated high-level transmitter (although not as large 
as can be produced for CW operation), Low-level 
modulation, using the same type of electron tube, produces 
a carrier cutput of half this value. The reason for this is 
thei during low-level modulation the tube efficiency 
vaties with the percentage of modulation. At no modulation 
the cfficiency is approximately 33 percent, and represents 
the condition of greatest tube loading (maximum plate 
dissipetion because of low efficiency). At the peak of 
modulation the highest efficiency (apout 66 percent) 
is obtained. Although the plate voltage and current 
ate doubled to produce a four-time power increuse at 
the peak of modulation {which is necessary for a}! 
AM modulators}, the low-level modulator must ob 
this increase irom the Wunsulitter power supply. 
high-level modulator, the additiona! power required ior 
oduiat: tion obtained from the modulator. 
Since in high-level plate modulation the modulation 
occurs in the final stage of the ti 
driver stages can be operated more efficiently (they 
need not be linear as in the low-level transmitter}; there- 
fore, they can be operated without considering distortion 
to produce maximum r-f output. Hence, the r-f section 
of the high-level plate-modulated transmitter is tost 
efficient for r-f production, and its power supply need 
only be large enough tc supply the power required io 
produce the r-f carrier. When fully modulated, the audic 
output (modulator) stage of the high-level modulator 
supplies an additional §0 percent of the power required 
to produce the carrier. The additional power supplied 
by the modulator represents the output power in the side- 
bands, which is equal to 50 percent of the carrier (25 
percent in each sidesand). Therefore, the tota! uveray: 
power output of the high-level plate-modulated stage at 
full modulation is 1.5 times the unmodulated (carrier) 
power, 
Since the jow-level :oduiator must be operated ui 
a carrier level which is one-quarter of the maximum 
power obtainable from the same type of electron tube 
in high-level operation, it is adjusted to operate at 
one-half the maximum plate current. Thus {ft is clecr 
why, for a given type of electron tube, the high level 
modulated stage produces ¢ greater power ontont. Tr 
do this, the audio (modulator n) stage must also produc 
considerable power (to supply the 5 3 percent: Fefolch 
‘ 3 
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Circult Operation. A simplified diagram of the 

basic transformer-coupled plate modulator is shown 

in the accompanying figure. The a-f modulator stage is 
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Basic Transformer-Coupled Modulator 


tepresented as a block since it may be any one of a 
number of audio amplifier combinations as long as the 
proper audio power output is obtained. Likewise, the 
t-f output stage is also represented as a block since it 
may consist of any arrangement of tube(s) to produce the 
desired carrier output to the antenna. The r-f output stage 
is always biased so that it operates as a class C 
amplifier. Since class C operation requires a bias 

of two times the cutoff value, a separate bias supply 

is used to provide fixed bias. Since the r-f excitation 
to the r-f stage is relatively constant, grid leak bias 
(produced by grid drive) is also used, with the total 
bias being the combination of the fixed and grid-leak 
(grid-drive) bias. In case of failure of the grid drive, 
the fixed bias provides a protective bias to prevent 

the final-stage tube ratings from being exceeded. 

With no modulation applied, the carrier r-f output is 
developed by the application of the normal d-c plate 
voltage to the plate of the class C stage, with sufficient 
t-f qrid drive and antenna loading to produce the desired 
t-f carrier. When modulation is applied, the audio output 
of the modulator is applied through the secondary of Tl 
in series with the d-c plate voltage, and adds to or 
subtracts from this voltage to produce an instantaneous 
plate voltage which increases the r-f output to 1.5 times 
the rated carrier power at 100 percent modulation. To do 
this, the plate voltage of the r-f stage is varied from two 
times the normal plete voltage at the positive audio 
peak down to zero on the negative peak, both varying 
in accordance with the modulating frequency. 

Class A Modulator, The schematic diagram of a 
simple triade modulator which operates to modulate a 
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triode r-f output stage is shown in the accompanying 


Wy 


figure. 
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Triode Plate Modulator 


This single-tube triode modulator can ve operated 
class A, Al, ot A2, depending upon the fidelity desired 
and the amount of distortion that can be permitted. Class 
A operation provides the best fidelity with the least 
amount of distortion, but uses a large power input to 
obtain a small power output (low efficiency). Conversely, 
class A2 operation uses the smallest input to obtain 
the largest power output (highest efficiency), with 
usable fidelity for the amount of distortion allowed. 
Class Al operation is intermediate between these two 
levels. ; 

Although the modulator driver may be r-c coupled, 
if the modulator is operated class A2, grid current 
is drawn. Therefore to minimize grid-voltage drop 
and the development of a reverse bias which will 
seriously affect the operating point and produce ex- 
cessive distortion, it is necessary to provide a low- 
impedance grid circuit. Thus the illustration shows 
transformer coupling to the modulator. Through the use 
of a transformer with taps, the driver stage can be made 
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to operate at the desired load point to produce maximum 
audio output with minimum distortion by selecting the 
taps that provide the required turnsratio for matching 
impedances (output to input}. Thus the input and output 
impedances of the transformer can be selected for 
sufficient distortionless voltage drive at ali times, 
including the time during which the modulator grid 

draws grid current (when the positive drive peak voltage 
exceeds the modulator grid bias). Modulator bias is 
produced by cathode resistor Rl, which is bypassed to 
prevent degeneration (see paragraph 2.2.1 in Section 2 

fot an explanation of degeneration effects). Since cathode 
bias is used, current must flow throughout the cycle to 
produce the bias; therefore, this circuit is limited to 
class A operation (a class B modulator will be described 
later). Since transformer coupling is used, fl in the 
input and T2 in the output, the frequency response is 
somewhat limited (see Section 2, paragraph 2.4 for an 
explanation of transformer coupling response limitations). 
Because of a loss of low and high frequencies causing 

a non-uniform audio response, the modulation signal is 
similarly affected. In practice, this condition is over~ 
come by operating the modulator at less than the maximum 
output over the mid-range of frequencies, and by providing 
bass and high frequency boost to provide reasonably 
linear response over the audio frequency range when 
necessary. Actually, for ordinary speech4ransmissions 
the desired frequency response is usually easily obtained 
with transformers of good design, but for the higher audio 
frequencies and for video applications special design 
is required, including both high and low boost compens 
circuits. 

Since the output of the modulator is developed a- 
cross transtormer T2, the transformer must be provided 
with the proper load impedance to produce the desired 
output (both voltage and power) from V2. This is 
achieved by employing the transmitter output tube (a 
class C i-f stage) as the load across the secondary of 
T2. The r-f stage can be used as the audio load because 
radio-frequency choke RFC presents a high r-f 
impedance to the r-f signal developed by tube V3 and 
prevents it from feeding back into, and being shorted 
out by, the power supply filter capacitor. Thus T2 remains 
unaffected by the ri and sees only a resistive d-c path 
from the plate to the cathode of V3 and ground. This d-c 
path is the effective resistance placed across the 
secondary of 12 (the modulator toad}, 
the dec plate voltage applied to ¥ 
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Since the transformer fias the inherent property of 
transforming impedance in accordance with the square 

of the turns ratio of primary te secondary, with a multi- 
tapped transformer it is possible to select the proper 

turns ratio to make the d-c piate resistance oi V3 properly 
match V2 for maximum output. (Tops ate not necessary 

if the proper ratio is used, but they do provide a convenieni 
and easy method for load matching.) Final adjustment 

of the load is achieved, once the proper turns i 
obtained, by settin 
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Transmitter output amplifier V3 operates as a con- 

ventional shunt-fed r-f amplifier, with combination 

fixed and grid-leak bias being supplied by R2, which 

is bypassed by C4. The plate voltage is applied in 

series with the secondary of transformer T2, and C2 

is the conventional shunt-feed coupling and d-c blocking 

capaciter which connects tank L1, C3 to the plate of 

V3. In addition to the bios supplied by R2, fixed bias 

is applied through RF'C; to the grid of V3 from a separate 

"'C' supply. Thus the final bias applied to V3 is the 

sum of the fixed and grid-leak bias voltages, with the 

fixed bias providing protection in case of failure of the 

grid-drive (r-f excitation), The r-f output of the transmitter 

driver stoge is capacitively coupled to the grid of V3 

by Cc. When the grid of V3 is driven above its bias 

levei by ine tf guid diive from the buffer amp: ‘ 

plate current flows and develops an c-f voltage across the 

parallel resonant tank circuit consisting of L] and 

C3, which is isolated from the modulator by the RFC. 

An t-f output is thus produced in the inductively coupled 

antenna circuit. When the modulator fs operated at 

static values of plate current and voltage, the output 

is the r-f cartier signal, with no modulation applied. 
Assume that a sine-wave input is applied to V1, the 

modulator driver stage. On the positive excursion of 

the input signal (with proper phasing of transformer 

connections) modulator tube V2 produces a positive 

output voltage at the secondary of T2. Since T2 is 

canected in series with the transmitter plate supply, 

the plate voltage of transmitter output tube V3 is effectively 

increased and made more positive, so that the output 

of V3 also increases. Thus ¢ positive moduletion signal 

produces an increase of r-f voltage and output power in 

the transmitter output stage. At the peak of the sine- 

wave modulating signal (100% modulation), T2 supplies 

an instantaneous positive voltage equal to the d-c voltage 

supplied by the transmitter power supply. These two 

voltages add, so that the plate of V3 operates at twice 

normal voltage, as shown in the figure, 
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varies throughout the cycle as shown by the heavy line; 
this is the effective piate voltage, ep. When em equals 
2Ey, the instantaneous plate voltage is twice the 

normal d-c value, thus producing a plate current which 

is also twice the normal value. As a result, the instan- 
taneous (peak) power output is four times the normal 
(carrier) value. As the sine-wave modulation signal 
decreases, it reaches the zero (no modulation} level or 
starting value, and the r-f amplifier plate voltage consists 
of the d-c supply voltage alone, which produces normal 
carrier output, completing the positive half cycle of 
modulation. In a similar manner, as the modulating 

sine wave goes through its negative alternation, it 
produces a negative voltage in the secondary of trans- 
former T2. At the peak of the negative half-cycle, 

the voltage at the secondary of TZ exactly equals that of 
the d-c power supply feeding V3, but it is of opposite 
polarity. Thus both voltages cancel (instantaneously), and 
the instantaneous voltage applied to the plate of V3 is 
zero. At this time the r-f output is zero. The r-f output 
tises to the normal carrier value as the negative half- 
cycle of the modulating sine wave goes positive, and re- 
turns to zero at no modulation. Thus, by varying the 
instantaneous plate voltage, the sine-wave modulating 
signal produces a similar and amplified sine wave of 

t-f voltage at the plate of V3, which is coupled to the 
tank and thence to the antenna, where the modulation 
envelope is radiated. It is an amplified replica of the 
original sine-wave modulating signal. Thus, it can be 
seen that during modulation by a sine wave, the instan- 
taneous r-f output power of the transmitter varies as 
follows: it is increased from its normal carrier value 

to four times normal, it is reduced to zero, and it is 
teturned to the original carrier level. Therefore, in 

a plate-modulated amplifier, during modulation the 
instantaneous power varies from zero to four times normal, 
and the instantaneous plate voltage and current vary 

from zero to twice normal to produce 100 percent 
modulation, as shown in the accompanying illustration. 
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Actually, only the instantaneous values of curtent 
and voltage change, and these vary at therate of the 
modulating signal. For a sine wave applied over a 
complete cycle, the positive and negative variations 
are equa! and opposite; since the plate meter cannot 
follow the audio variations at the carrier frequency 
(and the average value is unchanged), the d-c plate 
cufrent appears to remain steady at the normal input 
value without modulation. Therefore, as long as the 
positive and negative alternations average out to 
zero, the plate meter remains steady. In practice, 
however, this is true only if there is perfect requla- 
tion of both modulator and r-f amplifier plate supplies. 
Since the plate current {s instantaneously votying in 
both tubes and since the voltage regulation is usually 
not perfect, there is a slight amount of meter movement 
with modulation. On the other hand, when the negative 
alternation exceeds the normal carrier level, the plate 
current is cut off for the time that the zero voltage 
line is exceeded, as shown in the following figure. 
Such interruption of the carrier appears as a noticeable 
jump in the plate meter indication each time the 
negative peak is exceeded. In actual practice, the 
r-f amplifier (transmitter) tube is not driven to zero 
plate voltage, because at zero plate voltage the 
current would become zero and the carrier would be 
interrupted in the same manner as when the negative 
peak is exceeded. To prevent such undesirable action, 
the modulator is adjusted to swing the r-f amplifier 
plate voltage between predetermined minimum and 
maximum values. Such adjustment prevents cutoff 
of the cartier (provided these values are not exceeded), 
It also prevents excessive interference, known as splatter, 
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from being produced by the chopped-up carrier. When 

the carrier is interrupted, it acts as if it were a highly 
damped wave instead of a continuous wave. This type 

of emission is a form of ICW (interrupted continuous wave), 
and is similar to that produced by spark transmitters and 
some types of noise generators. Instead of a single 
frequency, a number of harmonics and spurious frequencies 
are produced in bursts each time the cartier is interrupted. 
Thus the radiation is spread over a spectrum of a few 
hundred kilocycles about the carrier frequency, and 
causes interference to other signals since the re- 

ceiver cannot tune it out. The actual plate voltage 
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relationships in the transmitter tube plate circuit are 
shown in the figure above, together with the actual 
instantaneous plate cathode voltage. Since the trans- 
mitter “stage ts operating class C, current flows for 
less than a half-cycle, usually somewhere between 120 
and 150 degrees. Therefore, the illustration shows 
operation on only one side of the zero line during the 
conducting period. The smooth envelope which varies 
above and below the zero level, as shown dy the plate- 
cathode voltage, is the result of tank circuit action. 
Although pulses are supplied to the tank, since tne 
tank circuit charges and discharges sinusoidally, any 
output taken from the tank, directly or indirectly, will 
aiso be sinusoidal. ‘Thus, the upoer und lower poi- 
tions of the plate voltage {Ept tm) effectively add 

and subtract from the tank current. The result is the 
production of the modulation envelope shown, since 
the tank provides the impedance across: which une il is 
generated, and sees no zero level. in addition to 
suppl ying what might be consider i 
of the modulation waveform, the tank is alse p 
selecting device, permitting only those ki within 
its pass band to be amplified. If the tank is too selective 
(has a high Q)}, some of the sideband frequencies may 
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very wide bend transmissions, as in television, it must 
be much lower. The highest sideband frequencies to be 
transmitted determine the allowable @ of the tenk circuit. 
The transmitter output amplifier is always operated 
class C to produce linear modulation with high effi- 
ciency. In class C operation, the power output of an 
r-f amplifier varies os the square of the plate voltage 
while the piate current varies directly with the plate 
voltage. Therefore, a high-level plate modulctor can 
be used to vary the effective plate voltage in accordance 
with the modulating signal and produce an output which 
varies exactly as the modulating signal. The r-f 
amplifier acts as a resistive load on the modulator 
because the plate tank is tuned ta the same frequency 
as the r-{ crid-drivine signal, Since the tank acpears 
Gs a resistive load, the piate voltage and plate curreni 


are in phase. Therefore, the current flow is limited 


in phase. 


by the effective resistance in the plate circuit, 


whch oy eH aaterciea~ 
relationship of E/i, Although the r-i amplifier could be 
operated class B and modulated with the plate modulator, 
sauce saa ae would be produced because the r-f 
class 8 ampiifier output varies as the square of the 

input ian and nct ‘Hneatly with plate voltage. For fuil 
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efficiency cn¢ minimum distortion, the class B r-f stage 
would be better modulated by applying the modulation 
would be better modulated by applying the modulation 


to its grid circuit. In this case it would be operated 
as a linear t-f amplifier with low-level modulation. 

The modulator can be operated class B (instead of 
class A) provided thot two tubes are employed (one for 
each halt of the audio cycle}. 

Class B Moduloter. Since class 8 audio amplifiers 
provide a more ficient modulator and are in popular 
use, c schematic cfs typical class 8 driven plate 
modulator is shown in the accompanying illustration: 


The actual operation of the class U modulated stage 
is exactly as fust described for the class A modulator, 


The difference between them is in the wiuther in which 
the audio modulation is obtained. When the output of 
preamplifier V1 is applied to Tl, the grids of V2A and 
V2B are simultaneously driven in opposite directions. 
These tubes are class 5 zero-bias tubes, which ore 
normally inoperative without grid drive (although witn 
some tube types c smail plate current may tlow). When 
tube A is driven positive, the arid of tube B is driven 
further negative. Qn the opposite half-cycle, tube B 
is Ariven oasitive and mine A is driven below Cutoti. 
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t-f stage, V2. On the nositive alternation, the lata 
of V3 is driven to twice the normal piate voltage; 

on the negative a!ternation, the audio output voltage 
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Class B Audio Driven Plate Modulator 


amplifiers, see Section 6, PUSH-PULL (Ciass A, 
AB, and B) AUDIO PLIFIER. 

Capacitor Cl, across the secondary of T2, is a 
simple high-pass filter, which attenuates any high 
frequencies produced on modulation peaks to prevent 
splatter. Capacitor Cl is not necessary for operation 
of the modulator, but it does minimize distortion 
products produced by overmodulation on voice peaks. 

The plate of r-f stage V3 is shown with series 
plate feed, rather than shunt-feed as is used in the class 
A modulator previously discussed, to illustrate that there 
is no essential difference between the two. In either 
case, the secondary of modulator transformer T2 is con- 
nected so that the audio output is in series with the 
d-c plate voltage applied to V3, and the rf is isolated 
from the power supply and modulator by an rfc. To avoid 
loss of frequency response, C2 is limited to a size 
which will not bypass any of the audio modulation. 
Otherwise, the operation is identical with the operation 
of the class A modulator just discussed. In practice, 
the use of a class B modulator results in some problems 
with power supply regulation and audio distortion pro- 
ducts. These effects, however, are all a part of the 
audio power amplifier design, and do not change the 
modulation action previously described. 

Detailed Analysis. In the high-level plate modula- 
tor, the modulator consists of an audio power amplifier 
whose output is applied to a class C r-f amplifier which 
operates as both a mixer and a frequency and power con- 
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verter to superimpose the modulation signal on the r-f 


carrier. A simplified equivalent circuit is shown in 
the following figure. The audio modulator stage is 
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Plate Modulator Equivalent Circuit 


represented as a sine wave generator coupled by T1 to 
the plate circuit of the r-f stage, V1. The modulator 
functions exactly as any class A, AB, or B audio power 
amplifier capable of producing an audio output equal to 
one-half the carrier power of the r-f stage, with the 
desired fidelity. The instantaneous a-c output of the 
modulator at the secondary of Tl is represented by the 
instantaneous voltage em. Under conditions of no 
modulation, em is zero and the power for the carrier is 
supplied by the transmitter power supply, represented 

by the voltage En» connected in series with em and the 
plate of V1. Under modulation conditions, the addi- 
tional power needed for 100 percent modulation is ob- 
tained from the modulator stage, which at 100-percent 
modulation must supply exactly one-half of the d-c 

input power to V1 at zero modulation. The rfc isolates 
both modulator and power supply from the class C r-f 
stage, with C; acting as a bypass to ground for any rf 
which might leak through the rfc. For the circuit to 
operate properly, the ric must offer a very high impedance 
to the rf and little or no opposition to the audio modulation 
frequency, since it is desired to vary the plate voltage 

at the audio frequency. Although capacitor C, must have 
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a low enough reactance to bypass the carrier frequency 
and a small range of sidebands around this frequency, 

it must not be low enough to bypass any of the audio output 
from the modulator. Otherwise, there will be a progressive 
loss of high frequencies and consequent lack of fidelity 
with a predominantly bass response. Since the plate cur- 
tent of V1 flows through the secondary of Tl, the effects 
of core saturation produced by the flow of I, must be 
taken into account by the use of a heavier core than 

would normally be required for an ordinary a-f power 
output transformer. In addition, the transformer windings 
must have the proper power handling capacity (proper 

wire size) so as to handle the maximum current taken 

by V1. In this respect, the design of the output trans- 
former of the audio modulator represents a slight 
difference from that of a conventional audio amplifier. 
Since the modulator output must produce considerable 
undistorted audio output power, it must be properly 
matched to the load. This is achieved by providing a 
transformer (preferably multi-tapped), which through the 
impedance transformation produced by the difference in 
turns ratio between primary and secondary provides the 
desired load impedance for maximum output with minimum 
distortion. The modulator load is essentially resistive, 
being the quotient of the d-c plate voltage applied to V1 
and the loaded d-c plate current to which V1 is adjusted. 
In the equivalent schematic, ep» represents the instan- 
taneous applied plate voltage, which is Epp + @m, The 
voltage between plate and cathode is represented by ep = 
bp - EL, where ex represents the voltage drop across the 
t-f load offered by the tank circuit impedance. This 

load is represented by resistor R, which is the effective 
d-c load presented to the modulator, and is equal to the 
applied d-c plate voltage, Epp, divided by the d-c plate 
current, Ip, neglecting the small d-c resistance in tank 
coil L. Since the tank circuit is resonant, X- equals Xi, 
and the tank appears solely as a resistive load to V1. 
Because the tank circuit is resonant to a single frequency 
(the carrier) which is much higher than the relatively low 
modulating-signal frequencies, no audio voltage is 
developed across the tank. The instantaneous plate current 
is represented by ip, and the plate-to-cathode resistance, 
which is equal to Ep/Ip, is transformed by T, to the 
proper value to load the modulator for maximum undis- 
torted output. Although the instantaneous values of 

plate voltage and current change during modulation, 

the average values remain unchanged so that tube V1 
could be replaced by a resistor as far as modulator loading 
is concerned. 

Consider now the grid bias applied by Ecc. This 
represents o fixed negative bias, but actually may be a 
combination of protective cathode bias, fixed bias from 
a separate supply, and bias developed across a series 
resistor as a result of arid current flow produced by the 
r-f driver. The driver signal (t-f grid excitation) is 
represented by a-c generator voltage eg, which on the 
positive half-cycle is polarized in opposition to the 
fixed bias, as shown in the plate modulator equivalent 
circuit above. The effective gtid voltage is the instan- 
toneous value fram qnd to eat ode, represented by Ps 


The d-c value of grid current is icpreseuted Ly ic, and 
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the instantaneous value, by ic. The grid rfc isolates the 
bias supply from the driving source and prevents shorting 
the input to ground, and C2 acts as a conventional r-f 
bypass shunting the bias supply. An illustration of a 
typical bias circuit is shown in the following figure. 


air 


Typical Bias Circuit 


When used, the cathode bias produced by cathode re- 
sistot Rx offers protection from excessive plate cur- 
rent when either the drive or fixed bias fails. The 
cathode resistor is conventionaily bypassed by Cx. 
Usually cathode bias is used only when the fixed bias 
supply is not employed, since double protection is un- 
necessary. For high-voltage transmitter tubes, it is 
also desirable to keep the cathode at ground potential, 
so cathode bias is used only in low-power applications. 
The fixed bias is obtained from a separate bias supply 
and is usually set for about 1.5 times cutoff, with 
the remaining bias (that developed by the r-f drive) 
being developed actossqrid leak Rg. Placing Rg after 
the rfc helps attenuate any rf which may leak through 
the ric, and C2 bypasses any r-f residue to ground. 
Note that ic flows in a direction which adds to the 
polarity of Ecc so that the total effective bias value 
is fixed by the amount of grid drive from the preceding 
t-f amplifier. Normally, tube V1 operates in a lightly 
saturated condition, that is, where an increase of grid 
excitation will not increase the plate current very 
much, if at all, out an increase of plate voltage will, 
as explained below. 

The accompanying figure iilustrates how the output 
voltage varies with an increase of excitation before 
and after saturation is obtained. Since fixed bias 
is used the output is zero for values of excitation lower 
than the cutoff-bias voltage with a corresponding high 
plate to cathode voltage. As the cutoff-bias voltage 
is exceeded plate current flows and the drop across 
the load, EL, becomes greater while the plate-to-cathode 
voltage is reduced. When the drive reaches the value at 


point i on the curve, the iube is just starting to 


scturcte ‘Usht saturation! ang it tokes much 
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Emin 


. LIGHT SAT. 
2. HEAVY SAT. 


R-F EXCITATION ———» 


Soturation Characteristics 


drive to increase the current sufficiently to develop an 
appreciably greater output voltage. At this point the 
effective plate voltage reaches its minimum value 
(approximately), which is the applied value less the 

drop across the load (Epp - Ex = Emin). At this point 
the tube is operating most efficiently and produces an 
output voltage almost as great as the applied voltage. 

At point 2 heavy saturation is obtained, and it takes 
almost twice as much drive to obtain a slightly greater 
output. If the applied voltage, Epp, is increased, a greater 
drive is required to reach saturation, and a greater output 
voltage results. 

It can be seen, then, that when the excitation is 
adjusted for saturation at the peaks of modulation, during 
the resting or carrier condition the drive will be much more 
than is required. Thus it is evident that while the r-f 
drive voltage is essentially constant, it will tend to vary 
somewhat in accordance with modulation and loading. 
Under resting conditions, the grid current is about the 
tated tube value, and produces the remaining bias needed 
(plus the fixed bias) to attain twice the plate current cutoff 
value. When an input is applied to the modulator grid, 
the output at the plate of the modulator adds to the plate 
voltage, and more plate current flows. At the same time, 
if the grid excitation is obtained from a source which 
is barely able to supply the required drive at modulation 
peaks, the effect of poor regulation is obtained and the 
gtid current tends to decrease (the source cannot supply 
more excitation). At the peak of the modulation cycle, 
the r-f grid excitation is made just sufficient to drive 
the tube to twice normal plate current (assuming perfect 
linearity), The tendency of the grid current to decrease 
during modulation peaks lowers the effective bias (since 
it is partially produced by grid drive) and permits a greater 
plate current to flow, producing the same effect as 
though the drive were increased at the peak of the cycle, 
just when the most drive is needed to handle the increased 
plate voltage. Since the grid current is at a minimum at this 
time, it represents the lowest drive power during the operat- 
ing cycle and the grid dissipation is also the lowest. Con- 
versely, as the modulation decreases and reaches the trough 
of the signal, the effective voltage applied to the plate 
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(E,min in the preceding figure) is the lowest, since the mod- 
ulation and d-c plate voltage are canceling each other; and 
the drop across the load is at its lowest with an output 
voltage just greater than zero. For best efficiency, Emin 
is made just equal to ec; hence, the grid becomes more 
effective than the plate (since it is closer to the cathode), 
and more electrons are attracted to the grid, increasing ig. 
As ic increases, the grid dissipation becomes greater since 
the tube is also overdriven, having much more drive than is 
needed to swing the small plate current at the minimum plate 
voltage. The result is excessive heating of the grid. 

By using grid-leck resistor Rg (together with the 
fixed bias), the effect of poor regulation in the grid 
circuit is achieved. Thus the excessive grid dissipation 
caused by the low plate voltage at the trough of modulation 
(discussed above) is reduced. The waveforms in the 
accompanying figure illustrate the use of the grid leak 
in providing poorer grid regulation and improved operation. 


Vii (I ne Ses e A ec 
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Grid-Leok and Fixed Bias Relationships 


At the peak of the modulation, the reduction of grid current 
caused by poor requiction from the source produces less 
voltage drop in the grid leak, and the bias is reduced as 
before (but to a larger extent). On the other hand, as 
the modulation trough is reached, the increase of grid 
current (because of the increased drive, since the 

plate voltage is now low) produces greater grid bias, 
which is the same as reducing the drive, just at the time 
it is needed least. Thus, the addition of the grid 

leak helps reduce grid heating, and helps the plate 
teach its maximum and minimum swings so that full 
100-percent modulation is achieved. Although the 
circuit operates satisfactorily without the grid leak, 

use of the grid leak results in less distortion and 

cooler tube operation. 

Note that, while the instantaneous grid current and 
grid voltage change, their meter indications appear as 
an average steady d-c value since a sinusoidal 
symmetrical modulating signal is being applied. There- 
fore, as in the constant-current system, proper opera- 
tion is indicated by steady grid and plate current in- 


V4-A-14 


ELECTRONIC CIRCUITS 


dications (assuming perfect power supply reguiation 
and neutrolization of the r-f output stage). 

Assuming no modulation and a steady input to the 
plate of the r-f amplifier, with the proper load coupling 
a steady r-f carrier is produced. As the modulating 
signal is applied, the power in the plate circuit and 
in the tonk of the r-f stage is increased to a peak value 


of four times normal {out 
four times norma! (oute: 


t power varies as 
of the plate voltage). Since the tank circuit cannot 
absorb all the additional power (the !oad does not 
change), the additional power mostly appears as an 
increase in output (except for the amount replacing the 
losses in the circuit and a small percentage wasted 

in entre plate dissipation), Because the modulator 


ihercass, it is clear that the <- 


square 


ahs 
has this pow 
power supply furnishes only the carrier power, while 
the modulator provides the audio or sideband power. 
Hence, the reason for requiring the large amount of 
power needed for plate modulation. Although a peak 
power of four times normal exists, the average output 
over the entire cycle is only 1.5 times normal at full 
100 percent modulation. That is, for a 100-watt radiated 
carrier modulated 100 percent by a continuous tone, 
the radiated power would be 150 watts total. For this 
condition, 25 watts resides in each of the two sidebands 
developed by the modulation. 

Other Considerations. Because of the requirement 
that the r-f amplifier tube handle peak powers of four 
times normal, the tube is operated 20 percent below the 
ratings for class C operation. Although the efficiency 
does not change during modulation, the plate dissipation 
is greater because more power is developed and applied. 
Therefore, the tube cannot be operated at maximum rating 
during periods of no modulation. As a result, the norma! 
carrier output is less than the maximum output possible 
using the same tube unmodulated. 

Since the tank circuit must pass both the carrier 
frequency and the sideband frequencies, the tank cir- 
cuit Q is important. The half-power bandwidth of the 
tuned tank must be sufficient to pass the carrier fre- 
quency plus the sidebands which extend on each side 
to « frequency equivalent to plus or minus the highest 
modulation frequency. For example, if the modulation 
is 5 ke and the carrier is S mc, the half-power points 
must cover a range of 4.995 to 5.005 me; otherwise the 


sidebands will be clipped, causing less of the higher 
frequencies. 


While too great a drive results in excessive grid 
dissipation, the r-f grid excitation to the class C stage 
must be great enough to drive the tube at twice normal 
plate voltage. Otherwise, on the peaks of modulation 
lack of sufficient drive will cause peak flattening with 
distortion. There must also be sufficient reserve 
electron emission to supply the peak power requirements, 
or peak flattening will also occur. 

For efficient operation, the rid signal should 
never exceed the minimum plate voltage, or excessive 
gtid current will flow. Excessive grid current wil] 
cause qrid heating and a loss of efficiency. 
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No Output. Lack of output should first be isolated 
to either the transmitter r-f amplifier or the modula- 
tor stage. Even though the modulator is operative, an 
open rfc or tank circuit, a defective electron tube, 
or a lack of r-f gtid excitation in the transmitter r-f 
amplifier will produce a no-carrier indication, and thus 
no output. Checking the r-f amplifier plate meter for 
current will reveal whether the circuit is complete, 
and whether a resonant dip can be obtained. A check 
on the drive meter (d-c grid current) indication wil! 
also determine whether r-f excitation is present. Lack 
of grid drive indicates trouble in the driver stages or 
transmitter power supply, and lack of plate current 
indicates trouble in the transmitter or in the modulation 
transformer. If the plate meter indicates at all, the 
trouble is probabiy in the 1-f stages; if no indication 
is observed, the modulation transformer is open, the 
transmitter power supply isdefective, or the plate circuit 
in the transmitter is open. 

A no-output condition is generally indicative of 
lack of voltage, lack of continuity in the circuit, or a 
short-circuited condition. A resistance check to ground 
will be helpful, but is usually unnecessary. With the 
voltages and currents commonly involved in high- 
powered transmitters and modulators, breakdowns are 
usually obvious from external symptoms, such as arcing, 
charring, and burning. On low-power equipment, additional 
test equipment may have to be used. Put remember, 
DANGEROUS VOLTAGES are involved; be certain to 
take all safety precautions before connecting or dis- 
connecting any test equipment. 

A no-plate-current indication is usually indicative 
of an open circuit, or lack of continuity, which can 
be determined by a resistance check or a voltage check. 
Voltage checks on the grid and plate elements will 
indicate continuity as well as termina! voltages. A 
low-plate-current indication usually indicates lack of 
sufficient r-f drive, high-tesistance joints (poorly 
soldered connections), low tube emission, or an 
excessively high grid bias. A high-plate current indica- 
tion usually indicates short-circuited components or 
insulation breakdown, or a lack of sufficient grid bias. 
In the last two cases, check for proper grid voltage 
before making any other checks, 

Low Output. It must first be determined whether the 
Jow output is due to lack of audio power or a reduction 
in the percentage of modulation, Although low modula- 
tion is normaily due to iack of sufficient audio power, 
it can aiso be caused by a reduced setting of the 
audio drive gain control or by trouble in the speech 
amplifier stages which drive the modulator. An oscii- 
loscope is very useful in determining the cause of mal- 
functioning since it permits direct observation of the 
waveform. For a simple quick test of the modulation 
percentage, the trapezoidal pattern is helpful. The 
envelope waveform check, however, can show both per- 
centage of modulation and waveform distortion, and is 
more useful in trouble analysis. Too high a grid bias 
ith the same drive} will cause a reduction of out- 

t. Insufficient t-f drive on the peaks of modula- 
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tion will also cause flattening of the waveform peaks and 
prevent full 100-percent modulation. A similor effect 

is also obtained when the r-f amplifier plate voltage 

is too high for the amount of audio voltage supplied 
(indicating loss of modulator output), and when the 
modulator output exceeds the r-f plate voltage. In 

the latter case the negative peaks are clipped and 

carrier shift results, with accompanying distortion, 
reduced output, splattering, and a shifting plate 

current indication (this immediately pinpoints the 

trouble as overmodulation), Refer to the BASIC 
MEASUREMENTS section of NAVSHIPS 900,000.103, Test 
Methods and Practices, for specific modulation tests, 
oscilloscope connections, and waveforms. 

Normally, with modulation, if the power supply regu- 
lation is inadequate in either the transmitter or the 
primary a-c supply line, there will be a slight move- 
ment, or flicker, of the plate current meter during 
the process of modulation, Overmodulation wil! be 
indicated by a sharp noticeable movement each time 
the peak exceeds the maximum value. If the power 
supply regulation is satisfactory, the normal meter 
indication will be rock-steady, and any meter move- 
ment will indicate either overmodulation or the pre- 
sence of distortion products. 

A modulation transformer which has partially shorted 
turns or which is partially shorted to ground may not 
be easy to locate from external appearances. If the 
short is to ground, there may be a noticeable arcing 
or an audible indication. If the short is between 
turns, however, it will probably result in an unusually 
low or distorted output. If the short circuit is se- 
vere, the output voltage will be too low to provide 100- 
percent modulation; a less severe short circuit will 
probably indicate itself by distortion and a mismatched 
type of presentation on the oscilloscope. Failure of 
the modulation transformer that is not visible by external 
symptoms is difficult to determine, and usually can be 
remedied only by replacement of the transformer with 
a good one after all other components have been 
checked and found satisfactory. 

Lack of sufficient electron tube emission to develop 
the extreme peaks of modulation in the r-f amplifier 
can cause peak clipping, more than usual distortion, 
and inability to obtain 100 percent modulation. Such 
a condition is usually progressive and can be observed 
by noticing that the output indicator {r-f ammeter) 
fluctuations become less for modulating signals known 
to produce large indications. (At 100-percent modula- 
tion the output indication on an r-f ammeter will in- 
crease approximately 22 percent above the normal in- 
dication without modulation.) 

Distorted Output. Any distortion in the output is 
usually obvious when the audio modulation is moni- 
tored. It may occur from a number of causes. For 
example, overmodulation will cause carrier shift, 
severe interference with other stations because of 
spurious signals, and audio distortion. Changing the 
modulator load impedance, by adjusting the r-f ampli- 
fier loading (r-f output) for a value of plate current which 
is different from the normal value, will change the 
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modulator load line; depending upon the magnitude 

of the change, this condition may be easily detected, 

or a special check may be necessary to determine the 
amount of distortion. Any change of modulator grid 

bias will shift the operating point and require a 
corresponding change in the r-f drive. With low bias 

(for a given drive voltage) the input will be clipped and 
distorted, and with high bias a larger input signal 

(drive) will be required; thus speech amplifier distortion 
will most likely be increased. If the audio gain contro! 

is advanced too far in the speech amplifier, the 

modulator can be overdriven, regordless of whether it 
operates class A, AB, or B. This can cause peak distortion 
in both the modulator and the r-f amplifier. With proper 
drive and symmetrical modulation, little or no distortion 
will occur. On the other hand, with improper drive and 
with large unsymmetrical or sustained peaks of modula- 
tion, excessive distortion can result. Use of a modulation 
indicator to indicate the percentage of modulation is 

a help in determining whether distortion is caused by 
overmodulation. Only a waveform check can positively 
determine whether distortion is present. An oscillo- 
scope arranged to check waveforms at key points is 

most helpful in isolating trouble. 

Lack of sufficient plate voltage in either the modu- 
lator or the r-f amplifier can cause a reduction in 
plate-valtage swing with a consequent loss of the peaks 
in the output. In the modulator, this is evidenced by 
a rounding off of the peaks and an inability to reach 
100-percent modulation with a further increase in the 
audio drive. In the r-f amplifier, it is shown by peak 
clipping caused by overdrive from the modulator. In 
either case, distortion components can be heard in 
a monitor, as well as seen on the oscilloscope. 

Operating at a higher than rated load can also 
cause core saturation effects in the modulation tans- 
former and thus produce a flattening off of the peaks. 
Such a condition will return to normal when the load is 
readjusted for the proper current. Poor frequency 
response in the transformer can also cause distortion 
by loss of low or high frequencies, but this is an 
inherent design problem and will not occur unless the 
modulation transformer is defective or is replaced with 
an inferior part. Poor connections or internal d-c 
leakage will most likely be shown by the presence of 
noise components in the modulation, Use of a harmonic 
analyzer will usually indicate the source of the 
distortion. 

Lack of sufficient filament (cathode) emission in 
the r-f amplifier and modulator tubes can cause dis- 
tortion due to peak clipping and make it impossible 
to obtain 100-percent modulation. 


TRANSFORMER-COUPLED, CONTROL GRID 
MODULATOR, 


APPLICATION. 

The control grid modulator is employed as a low-level 
modulator in applications where it is desired to use a 
minimum of audio (modulator) power. It is widely used 
in portable and mobile equipments to redu: 


ortable id mobile equipments to reduce size and 


power consumption. It is also used in extremely high- 
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power, wide-band equipment such as television trans- 
mitters, where plate modulation is more difficult and 

costly to achieve, and grid modulation is considered 
standard. 


CHARACTERISTICS. 

Varies effective grid bias of transmitter r-f stage 
to achieve modulation. 

Operates as a basic low-level modulator, with 
mixing process occurring in grid circuit. 

Requires very little audio power (on the order of 1 
percent of carrier power), 

Is more critical in adjustment than plate-modulated 
class C amplifier. 

Produces very little distortion up to 75-percent 
modulation limit, with greatest distortion occurring 
between levels of 75 and 100 percent. 

Has lowest efficiency for unmodulated (carrier) 
condition, and highest efficiency at 100-percent 
modulation, 

Has greater bandwidth capabilities than plate 
modulator when full 100-percent distortionless modulation 
is not required. 

Usually uses triodes, although tetrodes and beam 
power tubes may also be employed to provide greater 
power gain and to utilize their inherently low-grid-to- 
plate capacitance, thus avoiding necessity of neutrali- 
zation, 


CIRCUIT ANALYSIS. 

General, Before starting this circuit analysis, the 
reader should review the discussion on RF Power Ampli- 
fiers, in Section 6 of this Handbook, for background on 
class C amplifiers. 

The grid modulator utilizes the variation of grid 
bias (at the frequency of the modulating signal) to 
vary the instantaneous plate current and voltage, and 
thus achieve modulation, The modulating signal is in- 
troduced into the grid circuit in series with the fixed 
bias, so that on each half-cycle the modulating signal 
alternately aids and opposes the bias. Although the 
modulation actually takes place in the plate circuit, 
the modulating signal is applied to the grid circuit, 
whete the power is at a relatively low level (as com- 
pared with the plate circuit); thus, the modulator 
ps requirement is low. For this reason, the grid 
modulator is aiso classified os a low-level modulator. 
det ideal conditions, only a voltage amplifier 
would be necessary to produce grid bias modulation. 
However, in actual practice, the grid will draw current 
at the positive crest of tne signal, and extra power 
{s dissipated in the grid circuit. Therefore, grid 
modulation does require a modulator capable of 
supplying a few watts of power (on the order of 2 to 
5 watts for moderate power applications). This 
condition also requires that the t-f driver stage be 
capable of supplying sufficient drive power to prevent 
peak flattening on the modulation peaks. 

Unlike the plate modulator, the sideband power and 
the carrier power afe both developed trom the same 
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of the power on the peaks of modulation, it is neces- 
sary to operate the electron tube so that it produces 
a cartier power which is only one-fourth of that avail- 
able from the same tube operating as an ordinary class C 
amplifier. (The plate modulator operates at approximately 
two-thirds of the rated class C amplifier output.) 

Cireult Operotion. The schematic of a typical triode 
modulator is shown in the accompanying iliustration. 
The r-f excitation (drive), which is at the same fre- 
quency as the output, is coupled capacitively through 


Triode Modulator 


Ce to the grid of V1, and a tixed negative bias is 
supplied through RFC1. The modulating (audio) signal 
is coupled in series with the bias through T1. 
Capacitor Cl, a decoupling and bypass capacitor, pre- 
vents any rf that leaks through RFC1 from entering 

ihe audio circuits or the bias supply. Capacitor CL 

has c value high enough to bypass the rf, but not high 
enough to bypass any of the modulation and cause ¢ loss 
of high frequencies. Since the r-f output is at the same 
frequency as the r-f input, capacitor Cn, together 

with a portion of tank coi! L, provides a neutralizing 
arrangement to prevent seit-osciliations trom being 
produced as a result of feedback from plate to grid 
through the grid-plate interelectrode capacitance. To 
provide a tank connection for neutralizing the modulator 
and alse to provide a low Q, a split-stator capacitor 


is used to tune tapped i? the pluie end af 
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coil L is 180 degrees out of phase with the neutralizing 
end, a signal of the proper phase can be fed back to the 
grid (through Cy) to prevent self-oscillations. RFC2 
and C2 form a conventional series plate-feed decoupling 
arrangement (shunt plate feed may also be employed, if 
desired). The r-f drive voltage, the modulation voltage, 
and the fixed bias are selected so that, on the positive 
peaks of the modulation signal, the tube operates as a 
lightly saturated class C amplifier, As shown in the 
following waveforms, the fixed bias is slightly greater 
than 1.5 times the cutoff voltage for the tube, and the 
modulation signal (Ex) varies the effective bias azout 
Ece, with the positive peaks of Ex approxis.ating cutoff, 
With the effective bias varying in this manner, the 

t-f drive voltage (Ert) is of such an amplitude that: (1) 
on the positive swing of Em, the r-f signal drives the 
grid positive, grid current flows, and the plate draws 
current for approximately 120 to 150 degrees of the r-f 


GRID VOLTAGE 


PLATE CATHODE VOLTAGE 


Grid and Plate Waveforms 


cycle; (2) on the negative swing of the modulation cycle, 
the r-f signal drives the grid just barely above cutoff, 
and plate current flows for just a few degrees of the 

r-f cycle; (3) with no modulation present, the plate 
current ond voltage are approximately half their maximum 
values, and the output carrier produced is one-fourth the 
power of the same tube operating as an ordinary class 
C amplifier. The most positive swing of the instan- 
taneous grid voltage is Emax, and is equal to -Ece + 
En+Ers Emin is the minimum instantaneous plate 
voltage, and must never be less than the instantaneous 
gtid voltage, Emax. That is, the grid must never go 
more positive than the plate. (This is explained 

fully in Section 6 under Class C Amplifiers.) Since 

the plate current consists of pulses of current, it may 
appear that the plate-to-cathode voltage would be in 
the shape of pulses extending downward from Ep. 
However, the other half of the sine wave is supplied 

by the flywheel effect of the tuned tank circuit, and 

the output is as shown in the diagram. The pulses of 
plate current in effect reinforce the oscillations of the 
tank circuit, and thereby make up for any losses in the 
tank. 
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To accomplish modulation, the varying orid bias 
drives the plate current from zero to twice normal, 
and the plate voltege from approximately half the applied 
d-c potential to the full value. This is the same as 
riving the plate voltage ‘cnd current) to two times 
normal, as in the plate modulator. 

Grid bias modulation uses the linear variation of 
plate tank current with bias voltage variations to 
produce the modulated envelope, as shown in the 
following illustration. The grid voltage versus plate 
current transfer curve is essentially linear over the 
Operating portion, but drops off nonlinearly at the 
beginning and end. The operating bias is selected 
so that the resting value (Ecc) is at the center of the 
linear portion of the curve. 

With no modulation (time to to ty), the bias is Ege, 
the r-f signal drives the grid above cutoff, with the 
positive peaks just below 0 volts. Plate current flows 
for the portion of the r-f cycle that is above cutoff, 
with an amplitude approximately half that for the 
modulation peaks. The plate voltage is one-half the 
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Grid Voltage Versus Plate Current Relationships 


applied voltage, and the power output is one-fourth the 
maximus: power available. As the modulction signal 
swings in the positive direction (time t) to tz), the 

grid bias is now ~Ecc + Em, the t-f signal now drives 
the grid positive, and grid current begins to flow. 
Because of the reduced bias, the plate current increases 
and the instantaneous plate voltage is reduced. At the 
most positive peak of the modulution signal (time tz), 

ip is maximum and ep is minimum, Emin in the diagram 
(previously shown), At time tz, the operation is much 
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the same as tor an ordinary class U amplifier (with 
full r-t drive and fixed grid bias). At time ts, the 
gtid bias is once aqain Hee. As the moduletion cycle 
continues in the negative direction, the bigs beca: 
Bee Mise 8S reduces the plate 


qd bias reduces the 
rent to its minim 42, and tne plate + voltage in- 


creases toward the applied veltaae. At time ta, the 


Negative peak of ite «: 


vial , the 


voltage is just cble to oring the 
(assuming slightly less than 100 percent modulation), 
and piate current tlows fer just a few cegrees of the 

t+ cycle. At this time ip is minimum and epi is almost st 
egual te the applied voltoge. ihe power 
Peiween 4 times the 


madiignon Pecks and zere puwe 


resulting in an average power of 1. 


tue 


out of cutoff 


tnodulotes carrier. 


attained. 
Lhe ae paste 
tion is one-half of that supe 
modulation. However, the power output during this 
time is only one-tourth of thet supplied during the 
peaks of modulation. ‘Thus, the efficiency « during un- 


pplied during the peaks of 


modulation. 
cent for no modulatix 
modulation. 

The Linearity of the output depends on the linearity 
of the ip - eg characteristic curve. In the preceding 
discussion it was assume? that the curve was linear 
from the maximum vuaiue of a ! 
ever, the curve t 
neat cutofi (one : 
tion occurs on the resotive peaks oi the modulation 
cycle, Cistortion alse occurs on the positive peaks 
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current is drawn, which places a load on the modulator, 
ihe r-f source, aud the bias supply. This load is not 
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passed for the modulating frequencies as well as for 
the r-f frequencies. 

Good regulation in the r-f driver stage is usually 
accomplished by designing the driver stage to be able 
Iy more power than is actually required. 

The total result is that, because of these inter- 
neting requirements, the full theoreticc! advantages 
of grid bias ation are not obtained practically, 
and the basic distortion is always grecter than that 
obtained with plate modulation. Although extra r-f 
and audio drive power is needed to minimize distor- 
tion, the small amount of modulator power needed for 
in makes it economical to use grid modu- 
e increased distortion con ne tolerated. 


FAILURE ANALYSI9. 

No Ourput. Lack of output should first he isolated 
to failure of the r-t amplifier stage or the modulating 
. Pyar thanqh the modulator 1s apera- 
rive, an onen He of tank circuit, a shorted or de- 
fective electron tube, or a lack of grid excitation to 
the t-f amplifier will produce ¢ no-carrier condition. 
Check the r-t piate current meter for an indication to 
determine whether the plate circuit has continuity, and 
check the grid-drive meter for on indication to determine 
whether grid exciiution is present. With bot! 
tions normal, and with the tank tunable for a minimum 
dip of plate current, a lack of coupling or continuity 
in the output circuit of the t-f amplifier is indicated. 
lack of grid drive places the trouble in the excitet 
gecof the tran: er nr the input curcuit to the 
output stage, uuerpas lack of olate current indi- 
wee cupply trouble or an anen circuit 


tt slice.) 
With an r-t cartier existing, the trouble is defi- 
nitelv in the audio circuits ot modulation transtormer. 
sformer secondary would remove the arid 
cias te the r-t stage and cause ex 
a shorted transformer would allow the r-f stage to 


‘ate normally and produce a cartier, but no modu- 


murrent: 


RS SIVE plate current; 


gt ally indicates 
short-circuited components or lock nas; inw plate 
current indicates excessive bias, high-tesistance joints, 
ion, or a possible lack of coupling to the 
dor short-circuited conditions 
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A waveform check, however, can show both percentage 

of modulation and waveform distortion, and is more 

useful. Too high a grid bias will cause a reduction 

of output and an inability to reach 100-percent modu- 

lation with the same drive. 

Loading too heavily will increase the r-f carrier 
output, but it will also result in inability to ob- 
tain 100-percent modulation; on the other hand, foad- 
ing too lightly will produce a reduced carrier, over- 
modulation on the peaks, and a greater amount of dis- 
tortion as indicated by a flickering plate meter reading. 
In the plate modulator, a flickering plate meter reading 
always indicates distortion and carrier shift, but this 
is not always true of the grid modulator. Because 
of the use of a changing efficiency to obtain the 
modulation, and since the power is obtained from the 
same source, distortion and lack of full modulation (and 
even overmodulation) can exist sometimes without greatly 
disturbing the normal meter indications. Therefore, 
it is important that the grid modulator be adjusted for 
proper results, using an oscilloscope. 

A partially shorted modulation transformer will not 
indicate its condition externally by arcing or bumt 
spots since it operates at a very low level; instead, 
it will probably cause a loss of output combined with 
distorted modulation. Such a condition can be deter- 
mined by substitution of a new transformer known to 
be good after the other parts have been eliminated by 
a systematic analysts. 

Lack of sufficient filament emission in the r-f 
amplifier or modulator tube will produce peak clipping 
and ¢ lower output because of inability to obtain 100- 
percent undistorted modulation at the peaks. 

Disterred Output. Distortion is usually obvious 
when the audio modulation is monitored. It can result 
from a number of causes. For example, overmodulation 
will cause carrier shift, severe interference with 
other stations, and distortion. Since the grid modu- 
lator is inherently subject to more distortion than 
the plate modulator, any slight change in load conditions 
or misadjustment will usually be indicated by an in- 
crease in distortion. 

Since the grid modulator essentially supplies volt- 
age, it is necessary for the primary of the modulation 
transformer to be damped with a stabilizing resistor 
in order to maintain a substantially constant load. 

With a varying load caused by an open stabilizing 
resistor, the distortion will beexcessive. In those 
stages that must be neutralized, it is important thet 
the neutralization be correct; otherwise, during the 
peaks of modulation, self-oscillations either will occur 
continuously or will start to occur on the voice peaks. 
In either case, the distortion produced by poor 
neutralization is excessive and noticeable.. This 
condition is easily identified on the oscilloscope by 

a fuzzy and blurred pattern, which is indicative of 
oscillation. (See EIMB, NAVSHIPS 900,000.103, Test 
Methods and Practices, Basic Measurements Section, for 
typical modulation tests and waveforms.} 

Distortion in the preamplifier stages can easily be 
detected by supplying an undistorted signal to the 
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input and checking the output waveform of the modu- 

lator transformer with an oscilloscope. If low power 

ond low voltages are involved, a quick but less accurate 
check can be made by using « speaker ot set of head- 
phones instead of an oscilloscope. 


TRANSFORMER-COUPLED, SUPPRESSOR-GRID 
MODULATOR. 


APPLICATION. 

The suppressor-grid modulator is employed as a low- 
level modulator for pentodes in applicotions where a 
minimum of audio (modulator) power is desired. It is 
particularly useful in portable or mobile communica- 
tions equipment to reduce size and power consumption, 


CHARACTERISTICS. 

Varies grid-plete transconductance to achieve mod- 
lation. 

Requires less audio power than grid modulator since 
only voltage drive is required, and no power is needed 
for modulation. 

Produces maximum efficiency at 100 percent modula- 
tion, and minimum efficiency with unmodulated (carrier) 
conditions. 

Provides a cartier power of only 1/4 that available 
for same tube in CW operation, and about 1/3 that pos- 
sible with high-level plate modulation. 


CIRCUIT ANALYSIS. 

General. Suppressor-grid modulation is practically 
identical to control-grid modulation, with the excep- 
tion that the suppressor grid is used to achieve the 
modulation instead of the control grid. This type of 
modulator, like the grid modulator, uses a form of 
efficiency modulation. It normally operates at half 
the maximum current under cartier conditions with no 
modulation, end at full current (twice normal) at 100 
percent modulation. The efficiency is approximately 
33 percent with no modulation and approximately 66 
percent with full modulation. The cartier power 
represents 1/4 the maximum power available for the 
same tube operation, as a class C amplifier, with a 
peak power of four times the carrier value at 100 per- 
cent modulation. During modulation the average power 
increases to a maximum of 1.5 times normal at the 
peaks of modulation, and this power is obtained from 
the same power supply by a change of efficiency with- 
in the tube. 

It requires a negative supply for biasing the sup- 
pressor orid, which, since it acts as a gate between 
the screen and plate and is always negative, draws no 
curtent. Thus, very low modulation power is required, 
since only audio voltage is needed for control of the 
modulation. It does have the disadvantage, however, 
of causing a higher than normal screen dissipation. 
This is due to the fact that the plate current is cut 
off on the negative swing of the modulation signal, 
and the positive screen acts as a plate, resulting in 
greatly increased screen current. Distortion is approxi- 
mately of the same order as that for grid modulation, 
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since the linearity of the grid-plate transfer charac- 
teristic determines the basic minimum distortion inherent 
in the tube. 
Cirevit Operation. The basic suppressor-grid 
modulator is shown in the accompanying figure; for 
simplicity, sine wave generators are used to repre- 
sent audio and r-f excitation, It is clear from the figure 


I 


Basic Suppressor-Grid Modulator 


that the circuit is practically identical to that of the 
grid modulator except for the tube element used. The r-f 
amplifier stage operates as a conventional class C 

fier, Screen voltage is obtained through dropping 
resistor Rec, bypassed by Cac, and a fixed control-grid 
bias supplemented by grid-drive bias from Rg is used. 
With the suppressor grid biased negative from a separate 
supply, the carrier value of current is one-half the 
maximum current. As the o-f voltage from the speech 
amplifier (represented by the a-f generator) is applied to 
the suppressor, it is (considering a sine wave) aiternately 
aiding and opposing the suppressor fixed bias. Thus 

on the positive half- cycles, it operates to reduce the 


amo 
emp. 


while on the neaulive 
bias to reduce the plate cwieni. Thez 
lation is developed by plate curtent flow under control 
OL the suppressor-grid voitage, in cifeci, the suppres- 
sor varies the grid-plate transconductance to achieve 
modulation. 
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ssor-arid 3 


ypical suppressor-grid modulator 
is shown in the accompanying figure. In the tigure, 

Tl couples the output of the speech amplifier to the 
suppressor grid through RFC1, which prevents any feed- 
back of rf inte the audig circuit; capacitor Ceu grounds 
d-c suppressor bias and 
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the suppressor for ¢ 
instantaneous audio Ou 
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value, which adds on the negative peaks to increase 
the total bias, and subtracts on the positive peaks to 
decrease the total bias. The tube is biased class C 


Suppressor-Grid Modulator 


with fixed grid bias Ecc, bypassed by Cl. The fixed 
bias is supplemented by grid drive bias through grid leak 
Rg, coupled from the r-f exciter stage through C-. RFC] 
isolates the bias supply, and Cl bypasses any excitation 
which may leak through the choke. The effective contro}- 
grid bias is that from cathode to grid, indicated by Ec. 
Screen voltage is applied through screen dropping resistor 
Rac, bypassed by Cac, with the plote series-fed through 
RFC2 and bypassed by capacitor C2 in a conventional 
seties-feed armcngement. Tank LC ts tuned te the ex- 


citation frequency applied to the grid, and is coupled 


inductively te the cutput load, 
When the modulating signal is applied, em varies from 
some negative value to a positive value which just can- 
cels Ece3, producing a variatfon of suppressor bias, 
Esup, from zero at the maximum positive peaks of stiwdu- 
lation to some negative value at zero modulation, ot 
cartier level; it then increases to a greater negative 
value which is sufficient to reduce the plate current 
almost to zero on the negative peaks of modulation. 
Thus the piste voltage Yar 3 0 iit 
atly full olate ve 
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varies from maximum to zero in accordance with the 
modulation. The voltage drop across the tank circuit, 
EL, varies simultaneously from zero to maximum and 
back to zero, and the tank current is increased during 
the positive peak and decreased during the negative 
peak, effectively producing the modulation envelope. 
Since the tank is oscillating sinusoidally, the output is 
also sinusoidal, and is produced by pulses of plate 
current which increase the tank current to form the 
envelope shown in the accompanying figure. It is 
clearly seen from the figure that while the transfer 
characteristic between the grid and screen is mostly 
linear, it curves off at the beginning and end, which 
corresponds to a biased-off suppressor condition and a 
zero-voltage suppressor condition, respectively. This 


EL (RF OUTPUT) 
VOLTS 


MODULATION 
ENVELOPE 


CUTOFF 


EFFECTIVE 
SUP = 
VOLTS 


Suppressor-Grid Voltage and Output 
Voltage Relationships 


shape is similar to that of the grid modulator transfer 
curve, and indicates that distortion is inherent and 
must always be more than that produced by plate 
modulation. 

Use of the series screen-voltage dropping resistor, 
Rac, tends to reduce the screen voltage more as the 
scteen curtent increases. Thus when the suppressor is 
being biased-off to the nonconducting state between 
screen and plate (by the negative modulation signal) 
the increased current attracted to the screen (it tries 
to act as the plate) automatically reduces the effective 
applied screen voltage by the increased drop across the 
scteen-voltage dropping resistor, Rc. In this manner 
the extra screen dissipation is reduced somewhat at 
just the time it is becoming excessive. Hence, fixed 
screen voltage is usually never employed with this 
type of modulator. 

Detatled Analysis. The basic functioning of the pen- 
tode modulator depends upon the suppressor grid and its 
control action. Consider the basic triode, for which 
a set of typical plate characteristics and transfer 
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characteristics are shown in the accompanying figure. 
It is evident from the plate characteristics that for 
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CHARACTERISTIC 


Triode Plate and Transfer Characteristics 


a fixed bias, there is a different plate current for 

each change of plate voltage. Note that the curves 
tend to be similar and equally spaced for equal steps 
of bias voltage. Likewise, on examining the transfer 
characteristic, it is seen that for each change of bias 
(with fixed plate voltage) there will be a different 
plate current; like the plate characteristic curves, 
these curves are similar and almost equally spaced 

for equal plate voltage steps. Thus it is clear that 

in a triode, one can vary the plate voltage and the plate 
current will follow, which is what is done in plate 
modulation. Likewise, one can vary the grid bias and 
the plate current wil! follow, which is what is done 

in grid modulation. Now examine the plate characteristics 
and transfer characteristics of a pentode, as shown in 
the following figure. 
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Pentode Plate and Transfer Characteristics 


With the inclusion of the screen grid in the pentode, 
the plate current no longer follows the plate voltage, 
but is determined mainly by the screen voltage (assuming 
a fixed control grid voltage). That is, for a particular 
screen voltage, the plate current quickly reaches a 
particular value, as the plate voltage is advanced from 
zero toward a maximum, and remains substantially con- 
stant over a large range of plate voltage. Thus, 
varying the plate voltage has little effect on the 
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plate current. Since these curves are parallel and 
almost equally spaced (for equal screen voltage steps), 
it can be seen that variation of the screen voltage will 
produce the desired variation of plate current, which 

is what is done in screen modulation (to be discussed 
separately). Upon examining the transfer characteristic 
it is seen also that for a specific screen voltage and 
for plate voltages from a low to a high value, there is 
little change in plate current as the bias is changed; 

in fact, for at least half of the operating curve they are 
identical. Let us now examine how the grid-plate 
transconductance varies with a change of suppressor 
voltage as the control-grid bias and screen voltage 
remain fixed, as shown in the following figure. 
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As can be seen, the transfer characteristic is practical- 
ly linear, starting from a high value of transconductance at 
zero suppressor voltage and ending at a very small or zero 
value with a large negative suppressor voltage. It follows, 
therefore, that variation of the suppressor voltage will pro- 
duce a relatively linear change in tube output. As a result, 
the suppressor-grid modulator is operated with a fixed nega- 
tive control grid bias and a fixed screen voltage. (Since 
the control grid bias does not vary, the t-f excitation source 
need not have as good regulation as with the grid modulator; 
consequently, it need not supply as much grid drive power.) 

Since the suppressor is placed between the screen ang 


when biesed sufficiently negative it will cause plate current 
cutoff, while at just about zero bias it will permit max 
plate current flow. Because the suppressor is nev 
above zero and is aiways negative, it draws no current; 

very little modulator power is needed —- less than that for 
any other type of modulator. The suppressor bias is usucl- 
ly on the order of — 100 volts, and a simple voltage ampii- 
fier will completely modulate a Hign-poweted pentode, 

As the plate current is prevented from flowing tc the 
plate by the negative suppressor bias, the screen becomes 
the only collector of electrons, and the screen tends to 
absorb them, acting as the plate. Thus screen-grid power 
dissipation becomes large on the negative portion of the 
modulation signal (the troughs}, cs shown in the aecompany- 


drop- 


ing figure. 
ing figure 
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current (isc) automatically causes a lower applied screen 
voltage, which reduces screen current flow during this period. 
Even so, the maximum screen dissipation is usually exces- 
sive during this period, because plate current cannot flow 
and all electrons are being handled by the screen. 

Now consider the tube’s operation under carrier condi- 
tions with no modulation. Here the d-c suppressor bias is 
adjusted tor a negative value which produces half the maxi- 
mum (full class C) value of plate current. The r-f drive and 
grid bias are set for the optimum values to produce this 
maximum loaded plate current, No modulation is applied to 
the suppressor (only the fixed d-c bias), and plate current 
flow is as shown in part A of the following figure. 
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As the modulation signal goes negative, the effective 
suppressor voltage is increased to further bias off plate cur- 
rent flow. At the negative peak of modulation (the trough), 
the instantaneous suppressor voltage, €ce3, is just below 
ure}, and no plate current can flow. 

e at which the screen is dissipating all the 
plained in the previous para- 


eT ses, becoming more positive 
cycle approaches th ne zero modu- 


t represented in part A of the figure, with one-half 
the cutoff value of suppressor bias. Each drive pulse pro- 
duces an output pulse of rf and a plate current pulse, The 
plate current averaged over ihe cycle is half maximum. 
During the positive halt of the modulation cycle, the 
negative suppressor bias rises above the cutoff level and 


hes zero at the maximum positive modulgtion peak. At 


this time the plate current is twice normal (maximum) and 


14-A-23 


ELECTRONIC CIRCUITS NAYSHIPS —-900,000.102 MODULA TION-AM 
A B c D 
z i Epp i i TANK 
eb 
ep ¢ 
oL_ ° | i | y 
time = ——» time = ——- time —— 
+ + + R-F 
ip iy OUTPUT 
2 time — 
Bek 
INPUT 
CARRIER POS MOD POS MOD 
{NO MOD) FER ee PEAR HEAVY: 


Typical Operoting Waveforms 


the plate voltage is reduced to its minimum value, as shown 
in part C of the figure, but not to less than that of the screen 
voltage. If the modulation is sufficient to make the sup- 
pressor voltage positive, the suppressor tends to become 

the plate, and so does the screen {the screen voltage is now 
greater than the plate voltage as shown in part D of the 
figure). Thus, both the screen and suppressor grids carry 
the space current, and their dissintion ratings are exceed- 
ed. This is why the suppressor grid is never driven positive. 

Once the modulation peak is reached, considering sine 
wave operation, the suppressor voltage becomes negative- 
going, and the resting or carrier condition is again reached 
at zero modulation. During the time of the positive peak the 
drop actoss the load (the tank circuit} is the greatest, and 
the greatest output voltage is developed and coupled to the 
antenna. Also, during this interval, the tank is actually 
absorbing power to replace any losses present as a result 
of resistance in the coil and leads. Conversely, during the 
negative peak, the tank is supplying the output since the 
tube {fs cut off and inoperative. 

Tt can be understood from the previous discussion, then, 
that varying the instantaneous suppressor voltage in accord- 
ance with the modulation signal over a complete modulation 
cycle will vary the plate current to twice normal, and cause 
the plate voltage to vary similarly. Thus, on the modulation 
peaks, the power output is four times that of the carrier. 
Since sine-wave modulation is used, the average value of 
plate power will vary from the carrier value to 1.5 times 
the carrier at 100 percent modulation. Thus, the conditions 
for AM modulation are produced by effectively varying the 
tube plate current flow, using the suppressor grid to ac- 
complish the variation under the control of a modulation 
voltage. Because the power is low, this is effectively an 
efficiency type of low-level modulator, Actually, the sup- 
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pressor varies the fina! load line by controlling the grid- 
plate transconductance to vary the efficiency from a mini- 
mum value (about 33%) at zero modulation to full value 
(about 66%) at 100 percent modulation ,as in the grid modu- 
lator, 


FAILURE ANALYSIS. 

No Output. Lack of output should first be isolated to 
failure of the r-f amplifier stage or the modulation signal 
circuit(s). Even though the modulator is operative, an open 
plate s-f choke (RFC2) or tank inductor (L), a defective 
electron tube, or a lack of grid excitation to the r-f ampli- 
fier will produce a no-carrier condition. Observation of the 
t-f plate current meter will determine whether the plate cir- 
cuit has continuity. Tuning the tank capacitor for o maxi- 
mum plate current indication with a resonant dip will deter- 
mine that the tank circuit is operative, and that sufficient 
drive, a load, and the proper bias exist for operation with- 
out modulation. Grid drive meter indications will also show 
whether the proper amount of r-f drive exists. With the 
proper gtid current, if the plate tank can be resonated for a 
minimum dip and then loaded to the maximum current, the 
trouble is in the modulator circuit. 

Lack of grid drive places the trouble in the exciter 
stages of the transmitter or in the coupling network to the 
final stage. Lack of plate current indicates possible power 
supply trouble or an open-circuited r-f stage. Otherwise, 
proper performance but lack of ability to load to maximum 
current indicates antenna trouble, improper tuning, a weak 
power amplifier tube, or a defective transmission line. 

With an r-f carrier existing, the trouble is definitely in 
the audio circuits ot in the modulation transformer, r-f 
choke, or suppressor bypass capacitor. An open transformer 
secondary would remove the bias to the suppressor grid and 
cause an abnormal plate current reading without modulation, 
while a shorted transformer would allow the proper plate 
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curfent and apparently normal carrier operation, but no 
modulation could occur (depending upon the effectiveness 
of the short circuit). 

High transmitter plate current usually indicates short- 
circuited components or a lack of proper bias, while low 
plate current indicates excessive bias, high-+esistance 
joints, low tube emission, or a possible lack of sufficient 
coupling to the load. With onen-circuited conditions in- 
dicated on the equipment meters, asimple resistance analy- 
sis made with the power OFF, and with the high-voltage 
supply grounded for safety, will quickly determine the de- 
fective components. 

Lew Output. It must first be determined whether the low 
output is from lack of sufficient audio drive or from an act- 
in the percentage of modulation. While iow 
modulation is usually due to lack of sufficient audio drive, 
this can aiso occur because of a reduced setting of the audio 
gain control or because of trouble in the speech stages. An 
oscilloscope is very useful in determining the cause of 
malfunctioning, since the waveform itself may be directly 
observed. For simple, quick tests of modulation percent- 
age, a trapezoidal pattern is useful. A waveform check, 
however, will not only show percentage of modulation but 
will also indicate waveform distortion, so that it is usua!- 
ly more useful. Too high a suppressor-grid bias will 
cause a reduction of output and an inability to reach 100 
percent modulation with the same drive. The same effect 
wil! also occur if the control-grid bias is too high. Tempor- 
arily grounding the suppressor grid will produce maximum 
output if the control-grid bias is satisfactory. If incorrect 
control-grid bias is suspected, the bias can easily be 
checked by a simple voltmeter indication (use an r-f choke 
in series with the meter probe to avoid erroneous indica- 
tions). As with the grid modulator, a steadily indicating 
plate meter does not necessarily indicate that there is no 
distortion or overmodulation. Since the changing of effici- 
ency in the plate circuit is used to obtain the modulated 
output, although the plate current is changing instantaneous- 
ly, one condition may cance} the other. Thus, either ¢ 
steady current indication or a flickering current indication 
can be indicative of the same condition. It has been found 
that satisfactory operation requires the use of an oscillo- 
scope to properly adjust the suppressor voltage and load 
for 100 percent modulation with a minimum of distortion. 

Because of the low power involved, a partially shorted 
madulation transformer will not usually indicate its condi- 
tion by external burnt spots or arcing. it will probably 
show as an inability to obtain 100 percent modulation, with 
all other components checked and the circuit apparently 
working normally in ail respects. Where available, a nega- 
tive variable d-c source can be used to sunuiate the change 
in bias with modulation, to quickly determine whether the 
stage is operating properly; if it is operating, the trans- 
former certainly must be defective. Lack of sufficient 
filament emission in the r-f amplifier or modulator tube will 
cause peak clipping and a lower output because of the in- 
ability to obtain 100 percent undistorted modulation. 

Distorted Output. Distortion can occur from a number of 
causes, and is easy to detect 
jaiion. Overmoduiation will cause ¢ chopping 
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stations operating within a few hundred kilocycles of the 
catrier, and distortion. Nonlinearity in the control of the 
gtid-plate transconductance by the suppressor grid bias 

will show as distortion; that is similar to the distortion 
caused by curvature of the grid-plate transfer character- 
istic in grid modulation. 

In stages operating on the same input and output fre- 
quencies, there is the possibility of feedback from plate to 
grid, causing self-oscillation with severe distortion. Al- 
though the iow plate-grid capacitance of the pentode makes 
this almost impossible, it does occur sometimes as a re- 
sult of poor layout and external coupling between the tube 
elements, particularly at high frequencies. Self-oscillation 
can be easily detected by the characteristic fuzzy pattern 
produced on an oscilloscope. Oscilloscope connections and 
waveforms ure shown in the BASIC MEASUREMENTS sec- 
tion of the EIMB, NAVSHIPS 900,000.103, Test Methods 
and Practices. 

Since the suppressor grid does not draw current, the 
modulator has no trouble with changing load conditions as 
in the grid modulator; thus the distortion is usually limited 
to that caused in preceding speech amplifier stages. Gen- 
erally speaking, there should be less distortion present in 
the suppressor-grid modulator than in other types of grid 
modulators. 


TRANSFORMER-COUPLED, SCREEN-GRID MODULATOR. 


APPLICATION. 

The screen grid modulator is employed as a low-level 
moduiator for screen grid tubes (tetrodes and pentodes} 
in applications where it is desired to use a minumum of 
audio (modulator) power. It is particularly useful for port- 
able or mobile communications equipment to reduce size and 
power consumption. 


CHARACTERISTICS. 

Varies screen voltage to achieve modulation. 

Requires slightly more power than control-grid modulator 
(about 1/4 the rated scr een input for CW). 

Produces maximum efficiency at 100 percent modulation 
and minimum efficiency for unmodulated (carrier) conditions. 

Provides a carrier power of 1/4 that available from same 
tube in CW operation, and about 1/3 that possible with high- 
level plate modulation. 


CiRCUIT ANALYSIS. 
General, Screen-: 


that the screen grid is used to achieve the modulation 
stead uf one of the cther gid ype of modulat: 
like the grid modulator, uses a form of efficiency modulation. 
It normally operates at half the meximum plate current in 
testing or carrier cond: 
tull current (twice normal) at 100 percent modulation. The 
efficiency is lowest, {about 33%) with no modulation, and 
highest (about 66%) with fuli 100 percent moduiation. The 
cartier power represents one-quarter of the maximum power 
ble with normat class C operation, with a peck power 


mes the curri 


sine wave madnlation 


V4-A-25 


ELECTRONIC CIRCUITS NAVSHIPS 
moximum of 1.5 times normal at the peaks of modulation, 
and this power is obtained from the same power supply hy 
the change of efficiency wihin the tube. 

This type of modulator requires 3 screen supply with 


good regulation, since the load, plate, and scteen currents are 


instantaneously varying during modulation, ft has the in- 
herent disadvantage of being unable to achieve 100 percent 
modulation without distortion unless special compensation 
is provided. 

Circuit Operation. The circuit of the basic screen-arid 
modulator is shown in the accompanying figure, using sine 
wave generdtors to represent audio dnd r-f excitation for sim- 
plicity. 

It is clear from the figure that the circuit is practically 
identical to that of the control-grid or suppressor-grid mod- 
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Basic Screen-Grid Modulator 


ulator except for the tube grid element used. The conven- 
tional LC tank appears in the plate circuit, inductively 
coupled to the output load (antenna). The r-f drive is sim- 
ulated by the rf generator, and supplies grid drive bias 
through Rg in addition to the fixed negative bias, Eee}. 

As can be seen in the figure, the a-f generator supplies the 
modulation in series with the applied screen voltage. Thus 
as the modulation incteases on the positive half-cycle 


{assuming o sine wave), the screen voltage and modulation add 


to produce a larger screen voltage. This increased screen 
voltage causes a greater plate current flow., On the neg- 
ative half-cycles the modulation opposes the positive screen 
voltage, so that at the negative peak of modulation (at the 
trough) the screen voltage is effectively zero, almost pre- 
venting plate current flow. 

Although the screen voltage is zero, the inherent con- 
struction of the tube requires that a negative potential be 
applied to the screen to completely stop plate current flow. 
Therefore, this type of modulator provides approximately 
75% maximum modulation without distortion. If completely 
(100 percent} modulated, considerable distortion is pro- 
duced. 
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Basically, however, by varying the screen potential in 
accordance with the modulation, « corresponding change 
in plate current is achieved, driving the plate current to 
twice the normal (carrier) value at 100% modulation and to 
almost zero on the negative peaks. This can be recognized 
as the same variations of current and voltage as described 
in the previous forms of grid modulators to produce ampli- 
tude modulation. 

A schematic of a typical screen-grid modulator is shown 
in the accompanying figure. 

Tn the figure, the r-f drive is coupled through Ce to the 
qrid of V1, producing grid current and developing grid-drive 
bias across Rg, which is effectively in series with the 
fixed negative bids supplied by Ecg1. (Actually, cathode 
bias could be used instead of Eee. since screen current 
always flows.) The plate circuit contains the conventional 
series-fed tank, isolated from the power supply by the rfc 


Screen-Grid Modulator 
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and bypassed by C3. In the grid circuit the rfc isolates 

the rf drive from the bias supply; it is bypassed by Cl, which 
shunts to ground any rf leaking through the choke. 

The audio modulation is coupled from the speech ampli- 
fier plate t h transformer T1, whose secondary carries 
the d-c screen supply. Capacitor C2 serves to ground the 
scteen grid as far gs ref v: iang are concerned, but is 


not lurge enough to bypass any of the audio modulation; 

otherwise, frequency distortion would result froma loss of 
the high frequencies bypassed to ground. 

When the audio is applied to the screen of V1 through 

Tl, and assuming a sine wave modulating signal, the screen 
voltage is increased on the positive half-cycle, and d 
creased on the negative haif-cycle. Thus, as the positi 
modulating signui udds jv the screen voltage, the screen 
current dnd the plate current both increase, reaching c peak 
at 100% modulation. Since the output voltage is the drop 
across the load, the cutput is the greatest at maximum 
piate current, and the aczuul plate voltage is at a mir 
As the modulation swings downward toward the negative 
half-cycle, the screen voltage is opposed by the negative 
modulation signal from Tl. At the negotive peak of modu- 
lation (the trough), there is practically complete cancella- 
tion of the screen voltage, and the screen current decreases 
toa minimum at this point. The output voltage is also min- 
imum at this point, and the actual plate voltage, Ex, 1s prac- 
tically equal to the applied plate voltage, Ep». At resting 
or carrier value, the screen voltage is such as to produce 
one-half the maximum plate current obtained at 100 percent 
modulation (approximately one-half the value used for CW). 
Thus, as in 2 forms of grid mod ' 
is one-fourth maximum, with a peak of four times the c cartier 
yciue of power. The average power variés with sine wave 
modulation to 1.5 times the carrier value at full (200 percent) 
modulation. This extra power is obtained from the plate 
power supply. The power change is achieved by the chang- 
ing efficiency of the plate circuit, produced by varyin 
screen voltage of the tube in accordance with the modulat- 
ing signal. The figure below shows the screen voltage 
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and output voltage relationships assuming that 100 percent 
modulation could be achieved, and illustrates the reason 
that screen-grid modulation cannot achieve 100% modulation 
without distortion, On the positive modulation peaks (ap- 
proaching saturation), the grid-plate transfer curve fiatrens 
off so that large drive in the positive direction «il! “atten 
the peaks. causing distortion. Likewise, since zero screen 
voltage cannot produce plate current cutoff, the transfer 
curve drops off ‘considerably at the zero screen voltage 
level. The effect is as though the bottom portion of the 
negative peak (the trough) of the modulation were cut off. 
To minimize this distortion, the screen must be operated 
between the limits where it is most linear; the practical 
result is to limit the modulation to about 70% for minimum 
distortion. In specially designed circnits where both the 
grid and screen are simultaneously modulated, this inherent 
fault can be overcome, but the modulation is no longer 
screen modulation; it is rather a combination of both types, 
and thus will not be further discussed. 

Detailed Analysis. To understand the functioning of 
the screen-grid modulator, it is necessary to review 
the basic tube action and design. The accompanying 
figure shows a set of characteristic curves for a 
typical tetrode. 

First examine the plate characteristics and note that 
for each fixed value of screen voltage (Esci, 2 etc) & 
particular plate current can be obtained, which, after 


PLATE CHARACTERISTICS 


TRANSFER CHARACTERISTIC 


Tetrode Plate ond Tronsfer Characteristics 


the lower plate-voltage region is passed, increases con- 
stantly as the plate voltage is increased. this is not 
9 linear relationship: it is actually considered math- 
ematically to he a 3/2 pnwer relationship. “lote that 
gt the. be gher-vol age end of the olate characteris ue 
he distances between the curves: fu cues: 
cage Nearly the same, and the lines ae Touhy 
patallel. Hence, it can be infetred that if the plate 
voltage is held ilxec whe tne screeri voltage is i 
vatied, there will be a somewhet linear relationship. 
raat is, for ¢ comespondins increase ur decreuse in 
screen voitage, there will be a proportional change in 
plate current. ‘lhis means, then, that as the screen 
voltage is changed the plate current will follow, vary- 
ing ina similar fashion. Since the output voltage is 
produced by the tow of plate curre: 


oie: 
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for a fixed screen voltage (Esc) the plate current 

(ip) does not vary much for low voltages (such as Ep3 

or Ep,), but does change somewhat for larger voltages 

(such as Epi); it is affected more by control grid 

voltage changes (ec). Thus, basic tube action in- 

dicates that either control-grid or screen-grid modu- 

lation is possible, and that plate modulation by varia- 

tion of the plate voltage alone on screen grid tubes 

is not feasible. 

Consider now the r-f drive and bias. Since the 
modulated r-f amplifier is to operate as a class C 
stage, the bias must be approximately twice the value 
of cutoff for a fixed screen voltage, and sufficient 
drive must be applied to drive the stage into light 
saturation on the positive peaks of the drive signal. 
(Refer to Section 6, Part A, RF Power Amplifiers 
Class B ot C for background on class C operation.} 

The value of bias and excitation must be such that the 
plate voltage never drops lower than the screen voltage 
on the peaks of the modulation. Otherwise, excessive 
scteen dissipation would occur, with the screen trying 
to act as the plate. The resting or carrier value of 
current is adjusted for exactly half the maximum load 
current, with the stage operating over the linear portions 
of its characteristics. Because of the varying efficiency 
and load changes, it is necessary to use an oscilloscope 
to determine proper operation. 

Assuming perfect linearity, a typical oscilloscope 
presentation showing 100% modulation would appear cs 
shown in the following figure. Note that the amplitudes 
between the line representing the carrier (C and D) and 
the ends of the pattern are equal, with straight sides 
indicating equal and linear modulation. Also, note that 
lines A and 8 extend equal distances above and below 
the carrier level (with AB = 2 x CD), and that the pattern 
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extends to a perfect point at 0, indicating 100% modulation. 
Let us now examine a similor pattern illustrating 
scteen-grid modulation, and note the differences. 


Trapezoidal Pattern for Screen Modulation 


Note that the sides are straight from points X and Y 
upward, indicating linearity between these points, but 
between O and X-Y the curvature indicates serious dis- 
tortion. The distance XY as compared with AB indicates 
that the distortion occurs at about 70 to 75% modula- 
tion, Thus, the carrier must be adjusted so that it is 
centered at the point where line segments 1 and 2 mark 
off equal distances over the linear portion of operation 
if distortion is to be avoided. The illustration 
graphically shows the limitations on maximum modulation 
percentage without distortion for screen modulation. 

If operation is held to the left of the indicated 
carrier line to achieve 100% modulation, the distortion 
shown between points 0 and XY must be accepted. 

The inability of the pattern to attain a point at 0 
indicates that the meximum negative portion of the modu- 
lation signal does not quite reach cutoff and 100% modu- 
lation is not obtained. The distortion shown between O 
and XY is caused by actually driving the screen negative 
with the modulated signal on the negative peaks, to at- 
tempt to produce the cutoff of plate current. The 
teason for the departure from linearity is that with 
zero screen voltage at points X and Y, any slight 
change in the negative direction of screen voltage 
changes the plate current much more rapidly than does 
c similar positive increase in screen voltage. Hence, 
the line no longer remains straight; it has a faster 
slope, and curves rapidly downward toward zero or maxi- 
mum negative modulation (the trough}. In effect, we 
can say that at the zero screen voltage level, the 
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tube no longer modulates equally above and below this 
point; hence the reason for the rapid change of wave- 
form. The point of zero screen voltage is determined 
to some extent by the bias andgrid drive. Thus, for 
particular value of bias it is possible to apply just 
sufficient drive to reach the peaks on the positive 
modulation cycle and move point XY to the left slightly 
tovattain. linear’ modulation over algrecter portion of 

the cycle. Such an adjustment, however, must be made 
with an oscilloscope; it cannot be predetermined by 
design. 

Tn Navy equipment, the design and adjustments are 
preset by the manufacturer so that by setting the 
operating values of plate current and voltage to those 
fee ah 
for the 
proper results will be obtained to meet the manufac- 
turer's specifications. 

Consider now the modulator power requirements. Since 
the screen is being modulated, the peak screen voltage 
divided by the peak screen current wil! provide the 
maximum load impedance value. A rough approximation 
of power can be obtained by using the peak screen volt- 
age and current and dividing by 8. Thus, for a 400- 
volt, 10-milliampere screen load, 500 milliwatts (1/2 
watt) is required for maximum modulation. To help 
stabilize the constantly varying load and keep power 
supply fluctuations to a minimum, and to achieve good 
regulation of the modulator, a power capacity of three 
to four times this value would be used (1-1/2 to 2 
watts), and the modulator would be loaded down with a 
swamping resistor to stabilize the load. With the 
400-volt, 10-ma load, 40,000 ohms would be indicated. 
By providing 40,000 chms for each half-watt, a total 
load of 10,000 ohms would be obtained with a 2-watt 
amplifier as modulator. Thus, reflected load changes 
in the screen circult are minimized so that the modu- 
lator provides sufficient current and voltage for stable 
operation. 

Another method of accomplishing the same thing is to 
use negative feedback in the modulator. This tends to 
reduce the plate resistance and the sensitivity to 
voltage changes caused by load changes. In addition, 
negative feedback helps improve the modulator frequency 
tesponse, so that resistance loading has been generally 
discarded, although it may be occasionally encountered. 

It it evident, then, that screen-grid modulation 
requires somewhat more power than the other types of 
grid modulation (because of scteen load and regulation 
requirements); in turn, however, it provides better 
over-all linearity. In summation, it can be said that 
scteen-qrid modulation achieves its changing efficiency 
by operating on a different load line for each value of 
screen voltage, with maximum plate dissipation occur- 
ting at the carrier level, 


FAILURE ANALYSIS. 


No Output. Lack of output should first be isolated to 
failure of either the modulated r-f stage or the modulator 


failure of the r-i stage, while luck of moduluiiun on the 
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otherwise normal carrier indicates failure in the speech or 
modulator stages, or a lowered gain control. A no-carrier 
indication can be caused by an open plate rfc or tank cir- 
cuit, a shorted or gassy electron tube, lack of grid excita- 
tion, too high a bias, or lack of screen voltage due to a 
defective modulation transformer, a shorted screen capacitor, 
or a defective screen supply. 

Observation of the r-f plate current meter will determine 
whether the plate circuit is open, and tuning for maximum 
indication with a resonant dip will determine whether suf- 
ficient drive and load and the proper bias are present. Where 
gtid current meters ore part of the equipment, the obtaining 
of normal or greater thon normal grid current indicates that 
the exciter stages are operating properly; with lower than 


sh cpap) 
id Grid 
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bias on the control gridis too high. The bias may be deter- 
mined by a simple voltage check (use an rfc in series with 
the voltmeter test prod, and check the grid to ground volt- 
age). Inability to load the stage indicates a foulty antenna 
or a transmission line trouble, 

With the r-f stage normal, the trouble must be in the modu- 
lation transformer, screen bypass capacitor, or the preced- 
ing speech stages. An open modulation transformer would 
remove the d-c screen voltage, and the r-f stage would give 
@ no-output indication. With a short-circuited transformer, 
the r-f stage would appear to operate normally, but no modu- 
lation would be obtained. With the low power usually in- 
volved, it is doubtful that visible evidence such as charred 
insulation or arcing would be apparent, so that it may be 
difficult to isolate modulation transformer trouble if the 
transformer is internally shorted. Usually a resistance 
analysis will check continuity. Checking the transformer 
for turns ratio with an a-c source and o voltmeter will usual- 
ly determine whether it is operating properly. 

High plate current usually indicates short-circuited 
components or a lack of proper bias, while low plate current 
indicates excessive bias, high-resistance joints (poor 
soldering), low tube emission, or possible lack of sufticient 
coupling to the load. With open-circuited or short-circuited 
conditions indicated on the equipment meters, a simple 
fesistance analysis made with the power OFF, and the high- 
voltage supply grounded for safety, wil! quickly determine 
the defective components. 

Low Output. First determine whether the low output is 
due to lack of sufficient audio drive, or to an actual re- 


duction of 


the modulator. With the speech gain control at its proper 
setting, low output indicates loss of audio (modulator) 
power or lack of r-f drive. Use an oscilloscope to determine 
the cause of malfunctioning. Make a trapezoidal check of 
modulation percentage to determine whether 100% can be 
obtained. Since some distortion is normal, the trapezoidal 
check can be used as a rough check on linearity by deter- 
mining whether the sides of the pattern are straight and ob- 
serving that the pattern expands equally on both sides of 
the carrier line: otherwise, the positive and negative peaks 
are unequal, 

If you are unable to reach the 100% modulation mark, 
aus the | loading and see whether the percentage improves. 


an produce too high an 


rcentage modulation as c result of trouble in 
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modulator. Under normal operation {no modulation) the 
tube must be drawing no more than half the maximum plate 
current possible in normal class C operation. 

Since gtid drive determines the efficiency to some ex- 
tent, reduce the drive and see whether the percentage of 
modulation improves. It will probably be found that there 
is a point of minimum grid drive and minimum loading that 
will produce a completely modulated signal. At other set- 
tings the output may be greater, but it will be impossible to 
obtain complete modulation. Use the lower output, since 
loss of modulation varies as the squore of the modulation 
factor; that is, 25% loss of modulation is actually a 50% loss 
of usable power, and can be the difference between being 
heard and not heard at all. 

Low output caused by lack of sufficient drive will be 
indicated by a flattening of the positive peaks because of 
inability to reach full peak power. Lack of sufficient fila- 
ment emission can also cause 1 similar condition. 

Distorted Output. Distortion con occur from a number of 
causes, and is easy to detect when monitoringaudio modu- 
lation. Overmodulation will result in a chopping off of the 
carrier, with carrier shift, causing excessive distortion and 
severe interference at stations within a few hundred kilo- 
cycles of the carrier. Since in screen-grid modulation it 
is necessary to drive the screen negative to obtain 100% 
modulation, it is to be expected that a large amount of dis- 
tortion will occur on the peaks. F'ot undistorted output, the 
screen should never be driven negative. 

Because of the constantly varying load, the speech ampli- 
fier producing the audio modulation will contain excessive 
distortion unless swamping resistors are used to load the 
modulation transformer, or unless negative feedback is 
used. In this event, using an oscilloscope to determine 
linearity between the input and output signals in the modu- 
lator will quickly locate any excessive distortion in those 
stages. (Refer to NAVSHIPS 900,000.103, Test Methods 
and Practices, Basic Measurements Section, .or oscillo- 
scope connections and waveforms.) 

Although screen-grid tubes provide sufficient qtid- 
plate isolation, so that neutralizing is unnecessary, it is 
possible that at the very high frequencies self-oscillation 
can occur in the r-f stage and cause distortion. This is 
particularly true if parts have been replaced and the lead 
dress has been disturbed. The characteristic fuzzy pat- 
tern (on an oscilloscope) produced by oscillation will 
quickly reveal this condition. 

Inability to obtain full modulation can be due to the 
lack of filament emission in the r-f stage, which will cause 
flattening of the positive peaks and a consequent increase 
in distortion. This condition con be seen on an oscillo- 
scope, but it will not normally be revealed by meter indica- 
tions, except by a gradual reduction of plate current over a 
long period of time. A similar condition can result from 
drying out of electrolytic filter capacitors in the power sup- 
ply, but it will usually show as hum on the carrier before 
the loss of peak current and voltage causes noticeable dis- 
tortion. Such conditions are not apparent unless an oscil- 
loscope is employed to monitor the waveform, 
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TRANSFORMER-COUPLED PLATE AND SCREEN MODU- 
LATOR. 


APPLICATION. 

The plate and screen modulator is employed as a high~ 
level modulator for screen-grid tubes (tetrode and pentode) 
in applications where the simplicity and fidelity of plate 
modulation are desired. 


CHARACTERISTICS. 

Varies both the plate and screen voltages to achieve 
modulation. 

Requires a modulator power equivalent to 50 percent of 
fated carrier plate and screen power. 

Operates at a constant efficiency of 70 percent or better. 

Provides maximum carrier power for a given tube type. 


CIRCUIT ANALYSIS. 

General. The plate and screen modulator is practically 
identical to the triode plate modulator, except for provisions 
to accommodate the changes caused by introduction of the 
screen grid into the tube. This type of modulator is not a 
Jow-level form of modulator; instead, it is a high-level con- 
stant (high) efficiency type of circuit. The modulator itself 
must furnish the 50 percent additional power required for 
the production of the side-bands, The modulated r-f stage 
must also have a power supply capable of supplying the 
additional power for the screen circuit, or have a separate 
screen supply to furnish the power for the screen. During 
sine wave modulation the plate voltage and current are 
doubled to provide a peak power of four times normal, and 
the average power is increased to a maximum of 1,5 times 
normal carrier value, thus providing the proper conditions 
for 100 percent AM modulation. The use of the screen-grid 
tube, with its low grid-plate capacitance and shielding 
effect, reduces the internal plate-to-grid feedback, minimiz- 
ing the possibility of self-oscillation and the need for 
neutralizing circuit arrangements. The increased sensitivity 
of the screen-gtid tube also permits less excitation and 
driving power to be used as compared with the triode. 

Circuit Operation, A simplified diagram of the basic 
transformer-coupled plate and screen modulator is shown in 
the accompanying figure. The a-f modulator stage is 
represented as a block, since it may be any one of a 
number of audio amplifier combinations as long as the 
proper audio power output is obtained. Likewise, the r-f 
output stage is also represented as a block, since it may 
consist of any arrangement of tubes to produce the desired 
carrier output to the antenna. The r-f stage is always 
biased so that it operates as a class C amplifier. 

Since class C operation requires twice the cutoff bias, a 
separate bias supply is usually used, with supplemental 
bias from grid drive through a grid leak. The total bias is 
a combination of the two types. In case of failure of grid 
drive, the fixed bias provides a protective bias to prevent 
exceeding tube ratings and consequent damage to the tube. 
Thus far in the discussion the plate and screen modulator 
is identical with the plate modulator. The difference lies 
in the manner in which the modulation is achieved, that is, 
by also modulating the screen voltage. There are three 
basic methods used; each will be discussed in the following 
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Basic Plate and Screen Modulator 


paragraphs. For the present it suffices to say that both 
the screen and plate voltages are varied from zero to twice 
normal to accomplish the modulation exactly as described 
for the plate modulator discussed previously. 

Screen Voltage-Dropping Circuit, Since the screen voit- 
age is always much lower than the plate voltage, it is neces- 
sary either to provide the screen voltage from a separate 
power supply, or to obtain this veltage from the plate sup- 
ply by means of a series dropping resistor. By far the 
simpler method, although somewhat wasteful of power, is 
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the use of a series dropping resistor, as shown in the fol- 
lowing figure. As can be seen from the illustration, the 
screen voltage is obtained by ¢ series voltage dropping 
resistor (Rs-) connected to the plate supply. The screen 
current through this resistor produces sufficient voltage 
drop to lower the plate supply voltage to the proper value 
for application to the screen. The actual screen voltage 
at all times is the supply voltage minus the drop across the 
resistor (Esc = Ep» - IRac)+ 

As shown, the r-f grid excitation is capacitively coupled 
through Ce, and grid drive bias is obtained through Rg, 
supplemented by fixed negative bias. The ric isolates the 
r-f drive and prevents it from feeding back through the grid 
supply or from shorting to ground, while C1 provides on r-f 
ag rf which might leak through 


to ground for any rem 
the the. 

The suppressor grid is shown supplied with a s: 
positive bias and shunted to ground for rf by C2. 


connect ¥ 
tetrodes (since they do not fave a suppressor grid) it is 
nonexistent. In beam-forming screen grid tubes it will be 
the beam-forming plates, and will be connected as recom- 
mended by the tube manufacturer. In other types of pentodes 
the suppressor may be internally or externally connected to 
the cathode directly, and C2 is not needed. In those types 
of pentodes which require it, the suppressor connection 
will appear as shown on the schematic above. In this 
instance the slight positive bias is added to enhance the 
shielding effect of the suppressor at low plate voltages, 
and it also prevents the screen from intercepting any sec- 
ondary electrons and acting as a plate. At almost zero 
voltage, any electrons will te attracted to the more posi- 
tive suppressor and retumed to ground. Thus zero plate 
current is possible with a sharper cutoff than when the 
suppressor has a negative potential applied. The screen 
grid voltage is obtained from the plate voltage source 
through screen voltage dropping resistor Rac bypassed by 
C3 and C4. Capacitor C3 also insures that the screen is 
at ground potential to rf, permitting only de or the relative- 
ly low-frequency modulation components to vary the screen 
voltage. Capacitor C4 is the conventional series plate- 
feed bypass capacitor. The secondary of Tl is connected 
in series between the plate-and-screen power supply, with 
the rfc isolating it from the tank circuit rf. Capacitor U4 
also insures that any rf which might leak through the rfe 

tt und, and its reactance is high to audia 
ncies in ore rT to prever loss ot igh- frequency 
ponse. The conventional rank comvonents, C and 1. 
are incuctivety coupiec to ine road, Lné duu output irom 
the modulator appears at the secondary of Tl, and is added 
{0 OF Subtracted trom the applied d-c pidte voltage (ana 
screen voltage) to produce an instantaneous effective plate 
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Consider now one cycle of operation. At the resting 
condition, with no modulation, an unmodulated carrier is 
produced, and the applied plate and screen voliones at that 
st of only the d-c 
As the modulation is 
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positive plete and screen valtages, ond poth voltages are 
increased. The following illustration shows how the plate 
and modulation voltages are combined to form the composite 
instantaneous plate voltage. (The screen voltage is also 
modulated similarly.) Since 9 resistor is not freguency- 
sensitive, equal voltage drops occur across the screen 
dropping resistor for all audio frequencies in the modula- 
tion; thus the screen voltage is cropped linearly and is 

also increased linearly with vespect to the modulation sig- 
nal. At the positive peck of modulation, the plate voltage 
is twice normal and the screen voltage is somewhere be- 
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Combining of Plate and Modulation Voltages 


tween 1.5 to 2 times normal, depending upon the screen 
current (usually around 1.5 times), 1t can be seen that, 
since the d-c screen voltage is increased by the addition 
of the instantaneous modulation component, the same 
result is produced as in screen modulation; that is, the 
plate current is increased. Because the plate voltage is 
also increased simultaneously ard the class C output is 
proportional to the square of the plate voltage, the plate 
voltage also helps te increase the total tube current. 
Recalling from basic theory that the screen voltage deter- 
mines the plate current much more than the plate voltage, 
it can be understood that variation of plate voltage alone 
would not produce 100% modulation since the tube current 
would not increase sufficiently on the peaks. (For an 
unmodulated screen, about 90 to 95 percent is the highest 
modulation obtainable.) Thus i clear that vacictions of 
both the plate voltage and the screen voltage combine to 
produce the 100 percent modulation capability. 

As the modulation proceeds toward its negative halt 
cycle, both the screen voltage and the plate veltage are 
reduced, and the plate current follows. Thus gt the nega 
tive peuk (the trough) of modulation the plate voltage is 
almost zero, and sa is the screen voltage. Actually to 
avoid excessive screen dissipation, the plate voltage is 
never driven below the screen volicge. In this case, since 
the screen voltage is obtained from the plate source through 
a dropping resistor, the screen voltage is always lower 
than the plate voltage; thus it is practically impossible to 
drive the plate voltage to zero, except if the screen is 
driven negative. With neastive screen drive, non-linearity 
causes distortion, so that normally the modulation is ad- 
justed to just keep from driving the screen oelow zero. 
Normally, the plate current is reduced to a value necr zero, 
and full modulation from zero to twice normal plate current 
and voltage are obtained. Tne peak power fs four times the 
normal carrier value, and the average power increases sup- 


ORIGINAL 


900,000,102 MODULA TION-AM 
plied by the modulator is 1.5 times normal, or 50 percent 
af the rated carrier power. 

Separate Screen Supply Cirevit. The second and more 
complicated methed of supplying screen voltage, but per- 
haps the more commonly used method, is to supply the 
screen voltage from 4 separate power source. This circuit 
is shown in the accompanying figure, and is seen to be 
identical to that of the plate ond screen modulator just 
discussed, except for the replacement of Rs< with choke L; 
and dg separate screen supply. The screen power supply 


(XMTR) 


Plate-and-Screen-Modulated Pentode 
with Separate Screen Supply 


need only supply a fraction of the plate power. Most screen 
grid transmitting tubes use from 250 to 750 volts on the 
screen, with a plate voltage of 1000 to 4000 volts, and 
screen dissipation runs from 5 to 10 percent of the plate 
dissipation for high-power tubes, to 10 to 20 percent for 
low-power tubes, or a maximum of about 50 watts for medium 
power transmitters. This screen power supply provides 
only d-¢ voltage; therefore, some provision must be made to 
increase and decrease the screen voltage in accordance 
with the modulation, to control the plate current. Such 
action is produced by the choke, L), placed in series with 
the screen Jead. From basic theory it is known that the 
electrical inertia produced by the field around the choke 
tends to prevent a change in the flow of current through 

the choke. When the current ceases or reduces, the mag- 
netic field collapses and tends to produce a voltage from 
the choke which will keep current flowing in the same direc- 
tion. To do this it is evident that the voltage produced 
must be of the same polarity as that applied originally to 
the choke. When the modulstion signal goes positive and 
increases the plate voltage, more electrons are attracted 

to the plate and less to the screen grid. That is, the total 
space current re current dis- 
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tribution between the screen and plate changes. When the 
screen current reduces, an increased voltage is produced in 
the same direction, to add to the effective screen voltage 
before the modulation increased; this produces a slightly 
higher screen voltage, which, in tum, heips the plate cur~ 
rent to increase. On the negative modulation swings, a 
sintilar but opposite condition occurs. As the piste cur 
tends to reduce, the screen current tends to rise. The 
inertia of the choke tries to prevent the rising current and 
provides a negative-going voltage which decreases the 
effective positive screen voltage. Thus the plate current 
is helped to decrease. Since the screen grid controls the 
plate current much more effectively than changing the plete 
voltage, the slight changes in screen voltage produced by 
the choke, in tum, preduce the desired ettect. tapacitor 
C2 bypasses the screen to ground and prevents feedbock 
of rf into the dudio circuits. Capacitor C3 is the conven- 
tional plate bypass for series feed. The value of C3 is 
usually such that it has a high reactance to the audio tre- 
quencies, in order to avoid the possibility of frequency 
distortion due to shunting of the highs to ground. The 
screen bypass capacitor is usually about twice this value, 
since the reactance of choke L) is effectively in series 
with the capacitive reactance, limiting the shunting effect 
of C2. The choke must have sufficient power-handling 
capability to carry full screen current, and is usually on the 
order of 5 to 10 henrys. If it is too small, 100 percent 
modulation will not be obtained, and if too large it will 
produce phase shift at the low audio frequencies and 
ttenuation at the high audio frequencies, causing some 
distortion. The actual value is chosen to have a reactance 
whichis not less than the screen impedance at the lowest 
desired audio frequency. The screen impedance is approxi- 
mately equal to the d-c screen voltage divided by the d-c 
screen current 2 = Esc/Isc). 

With this circuit, actual cutoff bias can be obtained, so 
that the bias can be adjusted for twice the cutott value tor 
proper class C operation. (With the voltage-dropping resis- 
tor type of circuit, the screen voltage becomes so high at 
low plate current that cutoff can never actually be attained; 
thus the theoretical value specified by the manufacturer is 
used to determine the operating bias.) As far as modulation 
is concemed, the choke produces voltage variations on the 
screen in phase with the modulation; this causes the plate 
current to increase on the positive modulation excursions 
and to decrease on the negative excur: 
plate voltage variation, Since variations in screen qrid volt- 
age have more contral over the plate current than do vatl- 
ations in plate voltage. Thus the full limits of AM modu- 
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proper voltage ratio. In this method the d-c screen voltage 
from a separate supply has a modulation component added 
which is proportional to the plate change in accordance 
with the transformer turns ratio. This method is costly, 
and is seldom used because of the simplicity of the pre- 
viously described meihods. The ciicuit operat imi 
to that for the voltage-dropping method, except that the 
transformer, instead of the dropping resistor, supplies the 
proper voltage. Therefore, this method will not be further 
discussed. 

Detailed Anolysis. To understand the functioning of 
the plate-and-screen-modulated circuit, review the operation 
of the triode plate modulator previously discussed in this 
section before proceeding further (see * 


ction 4ANSFURME Ke 
COUPLED PLATE MODULATOR circuit), It is evident 
now that the only differences between the two circuits are 
those resulting from the addition of the screen grid to the 
tube. It is necessary to retum to elementary electron tube 
theory to explain some of the differences in operation 
caused by the screen grid. 

The addition of the screen grid provides a greater grid- 
plate transconductance, and, consequently, requires less 
drive power from the r-f driver to excite the modulated class 
C stage to saturation. Since the screen is located between 
the grid and the plate and always has a positive voltage 
applied, the problem of minimizing grid dissipation at 
minimum plate voltage is eliminated. (On the peak of the 
negative plate excursion, during modulation, the triode grid 
tends to become more positive than the minimum value of 
plate voltage. As o result, excessive grid current flows 
and causes the grid dissipation to increase.) 

While in the preceding discussions we have spoken of 
having the modulation voltage reduce the screen and plate 
voltages to zero, during the modulation cycle, this does 
not exactly occur. The action which does occur can be 
understood more clearly if the desired action is first ex- 
plained, In this instance, the object is to reduce the plate 
current to zero, during the conducting period of the class C 
cycle, coincidentally with minimum (almost zero) plate 
voltage, which is produced when the negative peak (trough) 
ot the modulation effectively cancels the applied plate 
voltage. Since the screen voltage exercises + gronter con- 
trolling factor than the plate voltage, it is possible to 
reduce the piate voltage practically to zero without actually 
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Multiplying Factor Plate Current Value (3/2) 


25 125 

ES) 35 

15 65 
1.0 1.0 
1.25 1.4 
Ls 1.84 
1,78 2.3 
2. 2.8 


Tf the screen voltage exactly follows the power law, it is 
only necessary to vary the screen voltage to about 1.6 times 
normal to double the plate current. Likewise, it is only 
necessary to reduce the screen voltage to about 15 percent 
of normal to obtain practically zero plate current. It can be 
understood, then, why it is not necessary to drive the 
screen to zero and twice normal in order to drive the plate 
voltage and current to zero and twice normal. Thus it can 
be seen that the previous statements are not exactly true; 
however, since the tube does not exactly and always follow 
the 3/2 power law, it is not possible to make a more exact 
statement and be completely accurate. It is probably more 
accurate to say that the screen grid voltage is varied suf- 
ficiently to insure that the full plate current flow of twice 
normal is possible on the peaks of modulation when the 
plate voltage is increased twice normal. Under these con- 
ditions the requirement of a peak power of four times normal 
for full modulation is met, and the tube is used to its 
fullest capability. 

Since the plate current does not vary linearly with 
screen voltage, it can be seen that varying the screen volt- 
age linearly in accordance with modulation does not produce 
distortion-tree plate components. That is, as long as the 
plate voltage and plate current do not vary exactly and 
linearly with the modulation, distortion exists. Thus the 
screen gtid modulator inherently produces more distortion 
than the simple triode modulator produces, but with proper 
design this distortion is minimized to a low value. A com- 
parison in this instance is the distortion products given 
with a simple triode audio stage as compared with pentode 
or beam tube audio stage. In every instance the distortion 
is greater, but the increased power-handling capabilities 
and low grid drive requirement make it mandatory touse 
the triode only where the increase in distortion cannot be 
tolerated, 

In considering the action at low screen and plate volt- 
ages, the type of tube becomes an important factor. A typi- 
cal comparison of plate current variation with plate voltage 
for two different types of screen grid tubes, and for pentode 
and beam tubes, is shown in the accompanying graph. It is 
easy to see that the beam and pentode types of electron 
tubes have much less variation of plate current at low volt- 
ages than the screen grid type has. Thus, when a suppres- 
sor qtid is not included, reduction of plate voltage below 
the screen voltage produces undesired secondary emission 
effects, and can even cause the plate current to go nego- 
tive (reverse its direction of flow). Since on the troughs 
of modulation (the negative peck modulation excursions) the 
plate voltage was said to be reduced practically to zero, 
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Plate Current Comparisons 


together with the screen voltage, it can be seen that some 
unwanted effects can occur. 

Consider first the beam and pentode tubes, since their 
action is similar. From the graph it is clear that the plate 
voltage can be reduced to about 10 to 15 volts before the 
current changes appreciably and suddenly drops off to zero. 
Thus it is possible to swing the plate voltage lower than 
the screen voltage without any unwanted effects. The 
plate current, however, does not change linearly with the 
plate voltage swing. Therefore, it is necessary to vary 
the screen voltage in order to change the plate current in 
accordance with the modulation, even though the plate 
voltage is varied. Because of secondary emission effects, 
it is clear from the graph that screen grid tubes (two dif- 
ferent tubes are shown) cannot be used at low plate volt- 
ages. If they were used, extreme distortion would occur at 
low plate voltages, and, even though the screen voltage 
were varied likewise, a similar pattem would follow. Thus 
the screen grid tube cannot be operated with as low a plate 
swing as the pentode and beam tubes without excessive 
distortion. In considering the swing to practically zero 
voltage and curtent, it is evident that in most every case 
the swing is toa small minimum voltage rather than actual 
zero. Whéther the minimum is very small or fairly large de- 
pends upon whether or not the tube is a beam-pentode or 
screen-grid type. It is also clear that because of the 
relatively high minimum plate voltage on a screen --rid 
tube, less usable output is obtained than for a sim!.ar beam 
ot pentode tube. 

From a consideration of the smali change of plate cur- 
rent with a large plate voltage swing, as shown in the pre- 
ceding graph, it should also be clear that the screen-and- 
pike moeu ated circuit functions primarily as a screen- 
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That is, while the screen voltage changes the plate cur- 
rent, the corresponding change in plate voltage is in a 
ditection which enhances the action. When the plate volt- 
age is increasing, so is the screen voltage, and so is the 
rent, Thus the problem of non-linearity on negative 
swings in the screen grid modulator is overcome because 

in the plate-and-screen-modulated circuit the plete voltage 
is reduced ot the same time. Therefore, it is not necessary 
to swing the screen negative to get complete modulation. 


FAILURE ANALYSIS. 
No Output. Lack of output should first be isolated to 
failure of the r-f amplifier staqe or the modulation signal 


cireuitfs). Even though the modulator is operative, an 
open rfe or tank ci a shorted mr qassy electron tube, 


or lack of grid excitation to the r-t ampiifier wiii produce a 
no-cartier indication. Observation of the r-f plate current 
meter val determine whether the plate circuit has continuity, 


and tuning fer c mexi indication with a resonant dip 


will determine whether sufficient drive, load, and the pro- 
per bias exist for operation without modulation. Grid-drive 
‘ons will also show whether the proper rh 
drive exists. When the tank can be resonated fora a 
dip ond then loadec te the maximum plate current wit! 
normal grid current, the trouble is in the modulator circuit. 
Lack oi g fs 
stages of the transmitter or in the coupling network to the 
final stage. Lack of plate current indicetes possible power 
supply trouble, on open-circuited r-f stage, an open screen- 
voltage dropping resistor (in some tube types a very small 
slate current may still flow], or a snorted screen bypass 
capacitor. In the choke-fed screen modulator, an open 
ove screen voltage and prevent niate cur- 
rent flow. ise, prope: gerfo: 
ability to load tomaximum piate current, indicates antenac 
trouble, improper tuning, ora defective transmission 1 
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of output and an inability to reach 100 percent modulation 
with the same drive. The gtid bias can be checked simply 
with a voltmeter (connect an rfc in series with one of the 
prods). A reduced screen voltage is most likely of all to 
produce a low output, usually with overmodulation or dis- 
tortion, since the plate and screen swing will be excessive. 
Such a condition can be caused by too heavy a screen cur- 
tent causing a lorge drop in the screen-voltage dropping 
resistor, by a detective resistor, or by a partially shorted 
bypass capacitor, 

In the choke-fed screen circuit, a defective choke will 
prevent the obtaining of complete modulation and can also 
result in reduced output, as can a poorly soldered jcint. 
Check the coil for the proper resistance with an onmmeter. 

A partially shorted choke may aive the proper indication 
when measured with a de ohmmeter, but sh 
when operating. Such 2 condition will usually be indicated 
by audible noise or distortion when the signal is monitcred. 

Tack nf sufficient filament emission can cause o ilaten- 
ing of the positive peaks, ana inability to obtain 190 percent 
modulation. Lack of ability to reach 100 percent modulation 
gh frequencies, while obtaining it at low and 
medium frequencies, would indicate a capacitive shunting 
by screen or plate bypass capacitors, provided the speech 
amplifier response is satisfactory. 

Distorted Output. Distortion can occur from a aumber of 
causes, and is easy to detect when monitoring audio madu- 
lation. Overmodulation willcause a chopping off of the 
carrier (carrier shift), producing severe interference to 
stations operating near the transmitter frequency, and cause 
distortion. 

In stages operating on the same input and output fre- 
quencies, there is always the possibility of sufficier 
pack from plate te grid to cause self-oscillation, with 
severe distortion, particularly on the peaks of modulation. 
Although the low plate-grid capacitance (shielding effect) 
and pentode tubes makes this alimosi impos- 
her 


{across tums 


it will sometimes occur, especially at the 


frequencies, because of poor layout and extemal coupling 
between the tube elements. Such action can sccur, particu- 
larly after part replacement and changed lead dress from a 
repair. Seli-cscillation can usually be detected easily by 
its characteristic fuzzy oscilloscope pattern. 
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TRANSFORMER-COUPLED CATHODE MODULATOR. 


APPLICATION. 

The cathode modulator is generally employed for low 
level operation where the audio power is limited and the 
inherent distortion of the grid-modulated circuit cannot be 
tolerated, 


CHARACTERISTICS. 
Varies the cathode voltage to achieve modulation. 
Operates as a combination plate and grid modulator, and 
can be designed to function either way. 
Requires an audio output of 5 to 50 percent of the t-f 
plate input, depending on design. 
Requires only half the normal r-f drive for class C con- 
ditions. 
Provides a higher efficiency than the grid-modulated 
types and lower efficiency than the plate-modulated types, 
depending on the design. (For the 50 percent grid and 50 
percent plate modulation condition, the efficiency is 62 
percent.) 
Provides better linearity than the grid-modulated types, 
and can be made equal to the plate-modulated type of cir- 
cuit. 
Can be used equally well with triodes, tetrodes, or 
pentodes, 


CIRCUIT ANALYSIS. 

General. The cathode modulator varies the voltage of 
the cathode to produce the modulation envelope. Since the 
cathode is in series with the grid and plate circuits (and 
the screen circuit for tetrodes), it can be seen that chang- 
ing the cathode voltage will effectively change the voltage 
of the other tube elements. By proper proportioning of the 
voltages, the injected cathode voltage can be caused to 
operate the tube in a form of grid modulation with relatively 
low efficiency, or to operate it in a form of plate modulation 
with high efficiency. Usually, the cathode modulator is 
made to perform about midway between these two classes, 
utilizing the advantages of each type. Thus, generalizing, 
it can be said that the cathode modulator normally operates 
at efficiencies on the order of 55 to 62 percent, and re- 
quires modulator (audio) power of about 20 to 25 percent of 
the rated carrier power. 

As aresult, more linear operation is achieved than in 
other types of grid modulators, with only a slight audio 
power increase being required to obtain it. As in all forms 
of AM modulation, the plate voltage and plate current vary 
from zero to twice normal with a peak power of four times 
notmal at 100 percent modulation. ‘Whereas the grid modu- 
lators vary the gtid bias to produce a varying efficiency 
which develops the required power increase from the requiar 
transmitter supply, and operate at half the tube capability 
with carrier alone, the cathode modulator operates somewhat 
like the plate modulator. That is, the additional power 
required for modulation comes mainly from the audio modu- 
lator, with the transmitter stage supplying the remaining 
power by a variation of efficiency. Since the cathode 
modulator is basically a half grid and half plate modulator, 
it forms a unique type of circuit. When operated mainly as a 
gtid modulator it offers little if any advantage over other 
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types of grid modulation, and when operated mainly as a 
plate modulator it offers practically no advantage over 
straight plate modulation for a triode; however, with a 
pentode or tetrode it helps achieve 100 percent modulation. 
When operated between the two levels it does provide a 
more linear output with moderate efficiency and a modest 
audio power requirement. 

The r-f excitation requirements for the cathode-modu- 
lated amplifier are midway between those for plate modu- 
lation and for control-grid modulation. More excitation is 
required as the percentage of plate modulation is increased. 
Grid bias is always considerably beyond cutoff. Fixed 
bias from a supply having qood voltage regulation is pre- 
ferable, especially when the percentage of plate modulation 
is smal] and the amplifier is operated more nearly like a 
grid-bias-modulated stage. At the higher percentages of 
plate modulation, a combination of fixed bias and grid-leak 
bias can be used, since the variation in rectified grid cur- 
rent is smaller. The grid leak must be bypassed for audio 
frequencies. The cothode circuit of the modulated stage 
must be independent of other stages in the transmitter. 
When directly heated tubes are used, their filaments must 
be supplied from a separate transformer. The filament 
bypass capacitors should not be lorger than about 0.002uf 
to avoid bypassing the audio modulation, 

The cathode modulator performs differently for each 
ratio of grid-to-plate modulation selected. The accompany- 
ing graph illustrates the manner in which the input power 
requirement varies. As can be seen, with grid modulation 
alone the input power is about 48 percent of the normal 
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plate power for plate modulation. At the halfway point, 
where equal amounts of grid and plate modulation are em- 
ployed, the input power is just slightly more than 70 per- 
cent of the power for a similar plate modulator. This 
Tepresents an efficiency of approximately 62 percent, as 
shown in the following graph which illustrates how the 
efficiency varies. 

Note that neither of the above graphs varies linearly, 
but that the following graph, showing the audio power 
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requirements, does vary linearly. At the SG-percent plate 
modulation point, it requires only about 25 percent audi 
power from the modulator, as compared with SO perce’ 
for full plate modulation. Thus, it can be seen that 
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and so is the peak plate current, representing a peak power 
of four times normal and a maximum efficiency of 77 per- 
cent, which is equivalent to plate modulation alone. At 
zero modulation (carrier condition), with the circuit operat- 
ing halfway between grid and plate modulation conditions, 
the efficiency is about 62 percent. This represents almost 
the maximum efficiency obtainable from grid modulation at 
the peak of the modulation; thus, it can be seen that cathode 
modulation does provide fuller use of a given transmitting 
tube’s capabilities. 

The modulating impedance of a cathode-modulated am- 
plifier is approximately equal to: m x Ep/Ip (where m is 
the percentage of plate modulation expressed as a decimal, 
and Ep and Ip are the plate voltage and current of the modu- 
lated amplifier, respectively). This modulating impedance 
is the load into which the modulator must work, just as in 
the case of pure plate modulation, and is matched by proper 
choice of the transformer turns ratio. The schematic of a 
typical cathode modulator is shown in the accompanying 
figure. A triode using a directly heated (or filament-type) 
cathode is shown in the illustration; this circuit is some- 
times known ds a center-tapped modulator because the 
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modulation voltage is injected into the filament center tap. 
Otherwise, the circuit is that of a conventional r-f ampli- 
fier, being biased to beyond cutoff by the fixed negative 
supply and by the bias developed across Rg from the drive 
current. RFC} prevents the r-f drive from being shunted to 
ground, and Cl provides the conventional bypass around 
the bias supply for any r-f that might leak through the r-f 
choke. The percentage of grid modulation may be regulated 
by choice of a suitable tap on the modulation transformer, 
as shown in the illustration (or by changing the d-c value 
of the grid bias). Capacitors C¢ form the conventional 
center-tap arrangement of directly heated (filamentary) 
cathodes to provide an electrical center top which prevents 
hum modulation due to unequal voltages across the sides of 
the filament. The plate tank uses a split-stator capacitor 
to tune c center-tapped coil, which provides out-of-phase 
voltages at the ends of the coil. Thus, a neutralizing 
voltage which is 180 degrees out of phase with the normal 
plate-to-grid feedback within the tube is provided through 
neutralizing capacitor Cp (since both input and output volt- 
ages are of the same frequency), preventing self-oscilla- 
tion with the distortion which accompanies it. The antenna 
is inductively coupled to the tank, and the tank is series- 
plate-fed through RFC2 bypassed by C2. The modulation 
is applied through the secondary of T1 to the filament 
center tap of V1. It is evident, then, that as the modulation 
signal is applied to V2, considering a sine-wave input, the 
voltage at the secondary of T1 varies first to a positive 
maximum and then to ¢ negative maxi mum, returning to zero 
as the signal ceases. With the circuit biased so that tube 
V1 is not driven to saturation, but just to the point where 
saturation will begin if driven further, only half of the nor- 
mal r-f grid drive is needed, as compared with full plate 
modulation. 

Consider now one cycle of operation, As the modulating 
signal increases in the positive direction, an increasing 
positive voltage is applied in series with the cathode. 
This cathode voltage is instantaneously added to the fixed 
bias and to the bias produced by r-f grid drive (through grid 
resistor Rg). The result is to increase the total effective 
gtid bias by the amount of the modulating signal. Con- 
sequently, the instantaneous plate current, ip, is reduced. 
At the same time, this cathode voltage is in opposition to 
the applied plate voltage, and reduces it accordingly. With 
a lower effective plate voltage, the plate current is still 
further reduced. This action continues sinusoidally until 
the modulation peak is reached, which corresponds to the 
point of almost zero plate current (if the plate current were 
entirely cut off, the output signal would be interrupted). 

At this time the plate current through the load impedance 
is at a minimum, and the output voltage is also at a mini- 
mum, as shown in the accompanying illustration. 

As the modulating signal turns in a negative direction 
the total effective bias is decreased, and the cathode 
voltage adds to the effective plate voltage. Consequently, 
the instantaneous plate current increases. At the com- 
pletion of the positive half-cycle of modulation signal, the 
cathode bias (modulating signal) is zero, and the effective 
bias is the sum of the fixed negative bias and the bias pro- 
duced by the t-f drive. This is the quiescent, or resting, 
condition of the circuit where normal plate current is drawn 
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PLATE WAVEFORM 


Operating Polarities and Waveforms 


and only the carrier is produced. While this plate current 
is about 20 percent higher than it would be in the grid 
modulator, and represents about 70 percent of the plate 
modulation rating of the tube, it is the normal value which 
is doubled at the modulation peak. Therefore, additional 
power is required when the modulation drives it above the 
cartier level. The increase of carrier power above that of 
the grid modulator is obtained from the transmitter power 
supply by a change in plate efficiency. 

As the modulation cycle progresses sinusoidally be- 
low zero toward the negative peak, the cathode bias is 
further reduced by the negative-going cathode voltage. 
Since the cathode voltage is now in a direction to add to 
the effective plate supply, the instantaneous plate voltage 
is increased, With a reduced bias and an increased plate 
voltage, the plate current is increased. At the peak of the 
tontaneous plate current is twice the normal 
{cartier} value. At ths time the drop across the load is the 
greatest, and the actual plate voltage reaches its minimum 
vajue, near zero. The minimum vaiue of plate voltage (for 
triodes) is kept above the maximum positive grid swing at 
tls point to prevent excessive grid dissipation. (It it were 
zero, the gtid would act as the plate during this interval.) 
Once the negative modulation peak 1s reached, the modula- 
tion signal aqcia goes in a positive direction toward the 
zero or carrier level, The cathode voltage is now going 
in the opposite direction (increasing positive), and once 
again opposes the plate voltage, increases the total effec- 
tive grid bias, anc reduces the plate current. Thus we can 
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of modulation, and to almost zere on the troughs of modu- 
lation (the negative peaks). 


FAILURE ANALYSIS. 
No Output. Lack of output should first be isolated to 
failure of the r-f amplifier stage or the modulator and speech 
1 


tis Operative, on 
operative, an open 


t, a shorted or gussy electron tube, or Jack 
of grid excitation to the r-f amplifier will produce a no- 
carrier indicction. An open modulator primary will permit 
a cortier to appear, but no modulation will occur, while an 
open secondary will produce neither a carrier nor any modu- 
lation. Observation of the amplifier r-f plate current meter 
will determine whether the circuit has continuity, while 
iuuing fur @ muximum indicution with a resonant dip will 
determine whether sufficient drive and load and the proper 
bias are present for operation without modulation. Grid- 
drive-meter indications will also show whether there is 
proper f drive. When the tank can be resonated for a 
minimum dip and then loaded to maximum plate current with 
a normal grid-current indication, the trouble is in the modu- 
lator or speech circuits. 

Lack of grid drive places the trouble in the exciter 
stages of the transmitter or in the coupling network to 
the final stage. Lack of plate current indicates pos- 
sible power-supply trouble, an open-circuited r-f stage, 
or a defective modulation transformer; if screen grid 
tubes are used, lack of plate current can also be due 
to an open screen-voltage dropping resistor or a short- 
circuited screen mia capacitor. 

High transmitter plete current usually indicates 
short-circuited Seni EEE, a lack of bias, or improper 
tuning; low transmitter plate current indicates exces- 
sive bias, high-resistance joints, low tube emission, 
lack of sufficient r-f drive, a possible lack of suf- 
ficient coupling to the load, or possible antenna or 
nission -line trouble. A simple resistance analysis 
made with the power off and the high-voltage supply 
grounded for safety usually will quickly determine the 
defective components, using the meter indications as a 
guide to the most probable location of the trouble. 

Low Output. Determine first whether the low output is 
due to lack of sufficient audio drive or to an actual 
reduction in the percentage of modulation. Low modula- 
tion is usually caused by lack of sufficient audio out- 
be the result of a reduced setting of the 
audio gain contro! or from trouble in the speech amplifier 
stages. An oscilloscope shouldbe used to view the 
waveform to determine whether 100 percent modulation 
is being obtained. For quick, simple tests of 
modulation percentage, the trapezoidal waveform 
check is useful. The envelope or waveform check, how- 
ever, will show the percentage of modulation and also 
wavetorm distortion at the same time, so thot it is 
usually more useful. Too high a grid bias will cause 
a reduction of output and on inability te obtain 100 
percent modulation with the same r-f drive. The grid 
bias can be easily checked with a voltmeter (use an 
He in series with thetest prod), A reduc screen 


nce c low output, 


vouully wiils uveluduiution of distortion, since tne 
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plate ond screen swings will be excessive. Such c 
condition may be caused by too heavy a screen current, 
causing a large drop in the screen-voltage dropping re 
sistor, by a defective screen voltage dropping resistor, 

or by a partially shorted screen bypass capacitor. 

Where a separate screen supply is used, the latter 

trouble is the most likely. 

Lack of proper tuning can also cause a low output. 
Too light a loading or too high an excitation will cause 
a flattening of the upward peaks of modulation, as in 
grid modulation. The antenna loading must be such that 
a further increase in loading causes a slight drop in 
antenna current. For optimum performance, the grid 
excitation should also be adjusted for minimum plate 
dissipation with maximum power in the antenna. The 
cathode current will be practically constant with or 
without modulation when the proper operating conditions 
have been established. 

Improper load matching by the modulation transformer 
will produce a lack of sufficient audio power, as well 
as distortion. Where taps cre provided, the proper tap 
may beselected. Where no taps are provided and the 
load appears to be mismatched when checked with on os- 
cilloscope, the tube or the transformer may be defective. 
Substitution of a known good tube or transformer will 
eliminate these components from suspicion. Lack of 
sufficient filament emission in the final amplifier tube 
can cause peak flattening, inability to optain 100 per- 
cent modulation, and distortion. 

Distorted Output. Distortion can occur from a number 
of causes, and is easy to detect when monitoring the 
audio modulation. Overmodulation will cause a chopping 
off of the carrier (ccrrier shift), producing severe 
interference to stations operating near the transmitter 
frequency, as well as distortion, 

Tn stages operating on the same input and cutput fre- 
quencies, there is always the possibility of sufficient 
internal plate-to-grid feedback to cause self-oscilla- 
tions accompanied by severe distortion, particularly on 
the peaks of modulation. When this occurs with triodes, 
it indicates the necessity for readjustment and a check 
of the neutralization. With pentodes and tetrodes it 
can occur at the high frequencies, particularly if the 
lead dress is changed after a repair. Self-oscillation 
can usually be recognized on an oscilloscope by the 
characteristic fuzzy appearance of the display. Plate 
current meter indications wil] usually be excessive 
and erratic when this condition Is present. 

Lack of sufficient capacitance to supply the peak 
power requirements can occur through loss of filter 
capacitance, and can cause peck flattening with conse- 
quent distortion. Usually, however, such a condition 
will be indicated by a hum on the carrier, or in the 
modulation, before the distortion is excessive enough 
to notice unless an oscilloscope is used to monitor 
the transmissions, 

A similar condition caused by lack of sufficient 
filament emission in the r-f amplifier stage will 
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also cause peok flattening and resulting distortion. 
Sometimes this condition can be observed by noting 
the inability of the r-f output meter to respond to 
heavy modulation peaks, accompanied by a gradual re~ 
duction in plate current readings over a long period 
of time. Under normal conditions, the r-f ammeter will 
indicate approximately a 22 percent increase in output 
current at 100 percent modulation. 

Improper bias and drive conditions will also cause 
distortion, and usually are accompanied by a reduction 
in output or an inability to attain 100 percent modulation. 


SERIES MODULATOR. 


APPLICATION. 

The series modulator is used to amplitude modulate a 
cartier (r-f} signal with an audio (or video) intelligence with 
@ minimum of circuitry. 


CHARACTERISTICS. 
Uses two triodes connected in series. 
Has a wide bandpass. 
Is critical to adjust. 
Used aseither o high-level or low-level modulator. 
Tnefficient in comparison to other methods of producing 
AM. 


CIRCUIT ANALYSIS. 

General. The series plate modulator is used in a-m 
transmitters where it is desired that the modulator stage pass 
a wide band of frequencies. Because of its inherent wide- 
band characteristics and relatively good quality, the series 
modulator is employed primarily in television applications; 
however, because adjustments are critical, the series 
modulator has not been widely accepted for common usage. 
Basically, the circuit consists of ¢ triode modulator and a 
Class C r-f amplifier connected in series using a common dc 
plate supply. The modulator triode may be connected in 
either the plate or cathode circuit of the r-f amplifier with 
operation remaining pasically the some, reaardless of which 
method is employed. Only the catnode connected circuit is 
discussed in detail. 

Circuit Operation. A cathode connected series modula 
tor is illustrated in the accompanying schematic diagram. 

Modulator tube V2 is biased Class A by cathode resistor 
R3. Capacitor C5 by passes the cathode resistor to prevent 
degeneration and helps to maintain a constant bias voltage. 
Resistor R2 is the crid return resistor with C4 acting as a 
coupling and de blocking capacitor. 

R-f amplifier V1 is biased Class C by the series grid 
leak circuit comprised of Rl and C3. Tronsformer T] couples 
the r-f signal into the tuned grid tank formed by secondary 
winding L2 and copacitor Cl. Capacitor C2 is the cathode 
bypass capacitor and prevents degeneration in the cathode 
and r-f from entering the cudio circuits. C6 and L3 form a 
tuned plate tank (load) for V1, and L4 inductively couples 
the signal into the following stage. 
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OUTPUT 


Series Modulator 


When power is initially applied to the circuit no bias 
exists on either ofthe series connected triode tubes. As a 
result, plate current readily flows through the tubes to volt- 
age source, Epb. As the current ilows through K3 and V2 
voltage is developed across each component. The voltage 
dropped across R3 biases the modulator Class A so thet any 


the plate citcuit. The 


wbe, ¥Z, protects 
lost because of failure in the oscillator or multipliers. It 
will be telpiul to rememper tnat placina a positive potentiai 
on the cathode has the same effect as placing an gall 
negative potentic! on the grid. For the following 
assume that no audic modulsticr 
grid of V2 and plate voltage remains relatively stable. 

R-£ signals arriving from the oscillator (or multiplier) 


voliage is applied to the 
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is tuned to the desired r-f frequency by Cl which is variable 
over a short range. 

On the positive excursions of the r-f signal the grid is 
driven positive. Grid current flows and C3 charges quickly. 
As the signal swings negative, grid current ceases to flow 
and*C3 begins discharging through Fl developing a negative 
voltage which is applied to the grid. Discharge time is 
much slower than charge time because of the large grid leak 
and consequently, the charge on C3 is not completely dis- 
sipated before the next positive excursion of the r-f signal. 
The cycle repeats itself and eventually, after a few more 
cycles, the voltage applied to the contro! grid stabilizes. 
Thus, the tube is now biased by the grid leak (signal) bias 
on the control arid in addition tn the hins valtage anolied 
to the cathode. The sum of the voitage applic? to the cath- 
ode and control grid of V1 biases the tube Class C (below 
cutoff} so that only the positive peaks of the rf input signal 
results in plate current ft hy 
broken into pulses at the signal frequency. Capacitor 2 
by-passes any r-f plate current variation in the cathode to 
gtound and prevents degeneration effects. The parallel 
tesonant tank formed by C6 and L3 oscillates (flywheel 
effect) every time a pulse of current flows in the plate cir- 
cuit. Hence, even though plate current flows in pulses, 
tank current flows for the entire cycle and a linear sine 
wave at the resonant frequency is transformer couple 
L4, 

The preceding discussion describes the operation of 
the r-f amplifier with no modulation signal applied, and if 
operation was limited to this condi intalligencesc sould 
be transmitted. The following discussion concerms operation 
when modulating signals ate applied. 

A modulcting signal from the final speech (or video) 
amplifier is r-c coupled through coupling capacitor C4 
onto the grid of V2. R2 is the grid return resistor and pro- 
vides a low impedance path for de return current. As the 
positive half-cycle of thé modulating signal is applied to the 
grid, V2 bias is decreased and the cathode current through 
V2 increases, Consequently, V2 plate voltage decreases, 
Decreasing the plate veltage of V2 is the same as decreasing 
the plate voltage of Vi (since both tubes are in series} and, 
in effect, reduces the cathode bias from V1 to oro. 
that conduction in V] is increased; this results in Bevciope 
oad (resonant tenk}. 


ito 


ing an increased output a 


ely, when the 


ect takes pic 
load decreases. 
Hence, in this application, tne plate woltage dec 


y 
Yeh at soay 


aay Hhased 


tonecrly zers 


Supp; ner Doty at inind- 

mum output. Unlike other medulators, ae ualtace do! 

takes pi ace due to the SpScriae ot a reactive element (ira Om 

tor) in the nlste cin 
ae 


: a 
to-cigult,. Tistead, thevclacuitisunitully aus 


iér output is obtained with half the 


jJusted so that full car 
supply voltage cu, su thai swinging it irom zero to the 
fuil supply value is the same as deubling the voltae in 
other tyses of medulstors. 
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Tf the modulating signal is of sufficient amplitude to 
overdrive VI into saturation, a loss of intelligence (clipping) 
results for the period of time the tube is in saturation. 
Hence, transmitters are usuc!ly equipped with a modulator 
gain control to insure that the modulating signal does not 
exceed design limitations. From basic theory it is known 
that when two signals are injected simultaneously into a 
non-linear device, new frequencies appear in the output. 
When the r-f and modulator signals are injected into V1, which 
is operated as a Class C (non-linear) rf amplifier, {whose 
output varies as the square of tne applies piate voltage) two 
additional frequencies appear in the output; namely, the sum 
and difference frequencies. In transmitters these "new"! 
frequencies are referred to as upper and lower sidebands and 
Tepresent approximately 1/6 of the total power, per sideband 
with 2/3 of the power in the carrier. The sidenands contain 
the same modulation as the carrier and in some transmitters, 
such as single-sideband (ssb) and double sideband (dsb), 
the sidebands are transmitted in preference to the carrier. 
However, in this instance the carrier and two sideband fre- 
quencies are selected by the tuned tank and coupled into the 
output circuits by the transformer action of T2. 


FAILURE ANALYSIS. 

No Output. A loss of r-f or audio signal will result in 
either a no output or unmodulated cartier condition. Use an 
oscilloscape equipped with a high impedance probe to check 
the r-£ (across L]) and audio (across input terminals) signals. 
If either signa! is absent the modulator will not function 
properly, and the absent signal must be secured before 
further troubleshooting is accomplished. Next, check each 
tube element on the base of the tube socket for correct 
operating voltages. Check the bias voltages carefully as an 
abnormal bias voltage may cause erroneous readings on the 
plate elements. If voltage are abnormal, use an ohmmeter 
to measure the dc resistance of R3, Ri and inductors Li, 
L2, and L3 also, use an in-circuit capacitor checker to check 
Cl, C2, C3 and C5 for a shorted or leaky condition. 

Weak or Distorted Output. A weak or distorted output 
will be caused by: weak or distorted input signals; impro- 
per bias; improper power supply voltages; defective tubes; 
or improper tuning or loading of the grid or plate tank. 


DOUBLE SIDEBAND MODULATOR. 


APPLICATION. 

Double sideband modulation is used in double sideband 
communication systems where upper and lower sideband are 
transmitted and the carrier frequency used to generate these 
sidebands is eliminated. 


CHARACTERISTICS, 

Generates upper and lower sidebands at high power 
levels while suppressing the r-f carrier. 

Utilizes two push-pul! connect ed triodes operated class 
c. 

Uses low level grid modulation. 
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Modulating siqnal is applied to the control grids in push- 
pull, while the r-f carrier is applied to the control grids in 
parallel. 

Utilizes nonlinear characteristics of electron tubes to 
generate sidebands. 

Even-order harmonics ore cancelled through push-pull 
action. 


CIRCUIT ANALYSIS. 

General. Double sidebond communications systems dif- 
fer from conventional a-m systems ond from single sideband 
syStems in that both sidenands and no carrier is transmitted, 
It should be noted thet carrier elimination is achieved in a 
specially designed power amplifier. The modulator is a 
conventional AM modulator. This discussion will pertain to 
the power amplifier, since the power amplifier is the only 
unit in the DSB transmitter which is significantly different 
from units in the conventional full carrier AM transmitter. 
Single sideband systems achieve the same result by transmit- 
ting only one sideband. Both DSB and SSB provide the ad- 
vantage of eliminating “whistles” or beats caused by the 
beating of the carrier with other carriers and sidebands in 
the receiver, since both DSB and SSB do not transmit a 
carrier. At first glance it may appeor that a single sideband 
system makes more effective use of the available transmitter 
power, since the SSB transmitter concentrates all of the 
available transmitter power into one sideband while the 
DSB transmitter transmits two identical sidebands. How- 
ever, this apparent gain of SSB over DSB is not realized at 
the receiver output, since double sideband signal voltages 
combine vectorially in the receiver detector and produce 
audio frequency voltage proportional to twice that produced 
by one sidebond. For example, a double sideband r-f en- 
velope containing 100 watts (SQ watts in each sideband) 
produces the same receiver audio output as a 100 watt SSB 
t-£ envelope (all 100 watts in the sideband}. It has been 
reasoned that a double sideband system can provide results 
equal to or greater than that produced by a SSB system. In 
a conventional full carrier AM system the r-f carrier trans- 
mitted with the sidebands neterodynes with the sidebonds 
in the receiver detector circuit cnd audio frequency voltages 
are produced. In the DSB system and in the SSB system no 
carrier is transmitted ond on artificial cartier, generated in 
the receiver must be combined witn the sideband, or side- 
bands in the case of DSB, to properly demodulate the signal. 
This artificial carrier frequency must be very stable and 
must be as close as possible to the frequency of the carrier 
used to generate the sidebonds in the transmitter in order to 
keep distortion of intelligence to a minimum. One of the 
atguments in favor of DSB over SSB is the distortion caused 
by the phase shift inherent in SSB due to the loss of the 
opposing phase shift of the other sideband. This shift con 
be minimized by maintaining a sufficiently high level of 
carrier insertion at the receiver. This phase shift has little 
effect on voice tramsmissions but pulse and data transmis- 
sions may be seriously affected. In a DSB system the effects 
of this phase shift are greatly minimized since the phase 
shift of one sideband tends to oppose the phase shift of the 
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other sideband. The DSB system, however, requires that 
the locally inserted carrier be of the same thase relation- 
ship as the original modulation at the transmitter. This is 
accomplished by the use of a phase-locked oscillator to 
generate the carrier to be reinserted in the receiver. Another 
advantage seen in DSB transmission over SSB is the possi- 
bility ot greater reliability af reception under varying condi: 
tions of fading. Under such conditions one sideband may be 
phased out by multi-path fading while the other sideband 
may not be excessively attenuated. By definition, selective 
fading results when the various frequency components of a 
transmission are not received exactly as transmitted wi 
respect to power levels and phase relationships. Th 
verse effects af this condition or fall comier AM is d 
of received intelligence, and decreased receiver output. It 
can then be said that SSB is not subject to selective fading 
since only one sideband is transmitted. However, if propaqa- 
tion cond : 
being transmitted is excessively aidtenuated the rec 
output is likewise decreased, whereas a DSB system operat- 
ing at the same frequency will probably maintain satisfactory 
communications since the other sideband will probably be 
unaffected. Another advantage of CSB over SSB is the 
simplicity of the DSB transmitter. To convert a conventional 
full carrier AM transmitter to a DSB suppressed carrier trans 
mitter only the power amplifier must be modified. The 
modified DSB power amplifier closely resembles the balanced 
modulators used in SSB transmitters. The DSB power am- 
plifier discussed here consists of two push-pull connected 
triedes onerating class Cv -£ carrier applied to the con- 
trol grids of both tubes in parallel (in-phase), and the audio 
modulating signal applied to the contro! grids in push-pull 
(180° out-of-phase). In push-pull amplifier circuits a push- 
pull input is required to produce an output and an in-phase 
input cancels in the output. The rf carrier and the audio 
modulation present simultcneously on the control 

grids of the tubes beat together, ond four basic frequencies 
are present in the plate circuit of the modulator tubes. 
These frequencies are the original ref carrier, the original 
audio modulation and sum-difference frequencies generated 
as a result of heterodyning. feeterodyling results when two 


o more frequencies are apr! 


linear resistance such as an electron tube or a transistor. 
Tf the reader desires detailed information on heterodyning 


he may ding it in the introduction ta ch 


are such that the freq 


book. The rf carrier frequency present 


is canceled out ov oush-oull aetion in the ext 


lel) anid the 


) an? the « 
ance to audio bitch F 
modulating signal is ne 
generated sidehands, which ore ap 
inf cattle: input und the eran cee audio modulation manplt 
are therefore, out-of-phase at the plates of the tubes and add 
in the output transformer, rather than ccncel as in-phase 
signals do, and they are inductively coupled to the ante 
circuit through the outp.t transformer. 


The 
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described here uses two power triodes, however, the use of 
power tetrodes may be encountered. 

Cireuit Operation. The following schematic dia 
lustrates a final powe: 
eliminate the r-f carrier and produce a double sideband out- 
Put. 


designed to sapere S 


BIAS CARRIER +E op 
INPUT 


Double Sideband Generator 


couples the qudio modulation trom the 
modulator to the grids ul the power amplitier. Capacitor 

Cl places the centertop of Tl] at o-f ground potential so that 
180° wut-of-pruse audio voitaqes are developed across the 
top ond bottom halves of the secondary of Tl, and are felt 
on tne grids of power amplifier tubes V1 and V2. Coupiing 
capacitor CZ couples the r-t carrier trom the preceding stages 
to the slider of carrier balance potentiometer Ri, which 
provides a means of varying the amn else 
coupled to the grids of ¥] and V2 with respect to each other. 
Capacitors C3 and C4 couple the rf carrier from carrier 
balance potentiometer RL te the ards of V1 ond V2, reapers 


tively. Power tnades V1 ond V2 cre ¢ 


je of the r-f carrion 
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used to generate upper anc lower sidebards at high power 
levels. Resistor R2 which is shunted by inductor L.], m7 
resistor R3 which is shunted by inductor L2 for. parasitic 
suppressor networks intended to decrease the tendency for 
parasitic ref oscillations to develop. Center-tacped trans- 
former T2 serves as the push-pull output transformer for the 
power amplifier and capacitors C5 and C6 form a split- 
stator type of tank capacitor used to resonate T2 to the out- 
put frequency. Radio frequency choke RFC) tocether with 
bypass capecitor C8 prevent rf eneray from entering the 
power supply. Tapped inductor L3, whose inductance can 
be varied by switch Sl, together with variable capacitor C7 
couple the transmitter output to ¢ coaxial transmission line 
which transmits the sideband r-f energy to the antenna, 
Since triodes are used the circuit must be neutralized or the 
relatively high value of grid to plate capacitance of the 
triodes would provide a feedbeck path and the amplifier 
would break into self oscillations. Capacitor C9 and C10 
couple r-f energy from the plate of one tube to the arid of 
the other and cancel or “neutralize! the effects of grid to 
plate capacitance and thus prevent selfoscillations. 

To more easily examine the operation of the DSB power 
amplifier assume first that only the r-f carrier is applied. 

The r-f carrier is coupled from the preceding driver stage 
through coupling capacitor C2 to the slider of carrier balance 
potentiometer Rl. The r-{ carrier appears at both ends of 
R} and is coupled in-phase through capacitors C3 and C4 
to the grids of Vl and V2. The amplitude of the r-f carrier 
at the grid of each tube is controlled by the adjustment of 
half cycle, both plates draw on increasing amount of plate 
current (the input is in phase) and the voltage drop across 
each half of the tapped primary of the cutput transformer T2 
is negative going, so that cprosing voltages are developed 
in the transformer primary which cancel, and no output is 
produced. If the circuit is properly balanced by the adjust- 
ment of Rl, these opposing signals are equal in amplitude 
and the carrier is effectively suppressed. Since the am- 
plifier is operated with class C bios (approximately twice 
cut-off) only the peaks of the positive half cycle of the r-f 
input have an effect on conduction, Neither tube conducts 
during the negative half cycle oi r-f carrier input and again 
no output is produced. Therefore, an output is not produced 
by the DSB power amplifier n only the r-f carrier is ap- 
plied. When audio modulatio applied in addition to the 
rf carrier, upper and lower sidebands are generated and are 
coupled through the output circuit to the antenna. 

Audio modulation is cpplied to the primary of Tl and 
since the center tap of the secondary of Tl is placed at 
a-f ground potential by capacitor Cl, audio modulation signal 
voltages are developed across each half of the winding, 
which are 180° out-of-phase with each other. This modula- 
tion signal is applied directly to the grids of V1 and V2, 
Capacitors C3 and C4 are of such a value that they present 
a high impedance to audio frequencies and, thus, prevent 
the out-of-phase audio modulation from crossing over from 
one grid to the other and canceling each other out. During 
the period when both tubes are driven into conduction by the 
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positive half cycle of r-f corrier input, the cudio modulation 
and the r-f carrier beat together, and sum and difference 
frequencies (sidebands) are generated as the result of 
heterodyning. Actually there are four basic frequencies 
present in the plate circuit of Vl and V2. There are the 
original r-f carrier, the original audio modulating signal, and 
the upper and the lower sideband. Other nigher order har- 
monics are also present but are of little consequence. Of 
the frequencies present only the sidebands are developed 
in the output circuit since the ri cartier cancels in the 
push-pull output transformer, as eypicined creviously. The 
audio modulating frequency is not develope? because of the 
low value of impedance offered oy the rf output tronsformer. 
The sideband frequencies, being a product of the out-of - 
phase modulating sicnal, are developed across the primary, 
of the output transformer and are inductively coupled through 
the secondary of T2 to the output circuit. The even order 
harmonics present in the plate circuit are cancelled through 
pusirpull action and the odd order harmonics are shunted 
around the primary of T2 to ground by capacitors C5 and C6. 
The sidebands are coupled through inductor L3, whose in- 
ductance can be varied by switch Sl, and variable capacitor 
C7? to the coaxial transmission line. L3, $1, and C7 match 
the impedance of the power amplifier output to the imped- 
ance of the coaxial line so that maximum power is transfer- 
red to the antenna and minimum power is reflected. 


FAILURE ANALYSIS. 

No Output. Dangerous high voltages are present in the 
power amplifier and all applicable safety precautions should 
be taken when working with the power amplifier. Since 
each branch of the power amplifier performs essentially the 
same function, failure of one branch is not likely to cause a 
n¢-output condition to exist. Failure of the power supplies 
or failure of the input or output circuits are likely causes of 
output. If the power amplifier is at fault, make resistance 
checks with the equipment denergized, and pay particular 
attention to the resistances measured from the plates to ground; 
since components having high voltages applied to them are 
more likely to breakdown and short than components having 
lower voltages applied to them. Capacitors C5, C6 and C8 
would short the high voltage to ground if they broke down, 
and capacitors C9 and C10 would short the high voltage sup- 
ply to the bias supply if either capacitor broke down. 
Capacitor Cl would short the bias supply to ground if it 
failed. Transformer T2, inductors L1 or L.2 or RFC1 could 
become shorted to ground. This would also short the HV 
power supply to ground as well as a possible shorted tube. 
Insulation breakdown on any of the wires carrying high 
voltage could also be the cause of a shorted power supply. 

If the no-output condition does not manifest itself in the 
form of blown H.V. fuses, lack of high voltage at the plates 
of V1 and V2 could be the trouble. Observing all applicable 
safety precautions, measure the plate voltage of the power 
amplifiers with the transmitter keyed. If there is no plate 
voltage on either tube, the power supply is defective or RFC1 
is open. If proper plate voltage is applied but there is no 
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output, failure of either the r-f carrier, or modulation, to 
reach the niga of V] and V2 could be the cause cf no out- 
put, since the DSB power a: rapliiler, like the SSB balanced 


modulator, produeee a om output only when bot 


present simultaneously at tne srids. Presense of these 


iputs are 


siqals can easily be determined by observing, with on oscil 
aveform present at the grids of Vi and V2. 
If either input signa! is missing, sional trace from the grids 


of V1 and V2 to the preceding stage to determine the defec- 
tive component, Failure of T] is ¢ likely cause for no mod- 
ulation drive to V] and V2. Resistance checks of trans- 
former windings and leakage checks to ground should reveal 
any defects that may exist in Tl. Failure of Rl, or an open 
722, could prevent the tf cartier from teaching the atids ot 
V1 and V2, hence, no outgat would result. 
out tronsformer T2 cculd also re 


Resistarice checks of transformer 


Failure of out- 


leakage to ground 
reveal any defec: 
Low Output. A low output condition can be caused by 
defective tubes, improper power supply voltages, low am- 
plitude inputs, or improper tuning of the output circuit. 
Observe all applicable safety precautions and check 
the high voltage applied to the plates of the power 
amplifier. Also check the bias veld applied to the grids 
Vl and V2, If the tubes are good and the power supply volt- 
ages are correct, low output could be caused by insufficient 
tef carrier, pueibatletien drive applied to the power amplifier. 
This condition can be checked by observing with an oscillo- 
scope, the amplitude of the r-f carrier and tne modulating 
signal on the grids of V1] ond V2. If either input signal is 
weak on tne arids of Vl and V2, check the amplitude of that 
signal at the point where it enters the pawer omelifier, in 
order to determine whether the defect exists in tne power 
amplifier, or in the preceding stages. A defect in T] such 
as 9 partially shorted winding or excessive leakage to ground 
could result in o decreased amplitude modulating signal on 
the grids of V1 ond V2, ond ¢ partic! failure of C2 or Rl 
couid result in decreased amplitude r-f carrier on the grids 
of V1 and V2. Both situations could result in a low output. 
Likewise, if one of the input signals is unable to reach the 
grid of eitner Vi or VZ tnct prancn of the power ampiitier 
would be inoperative, since both modulating signal and r-f 
carrier must be present at the arid simultaneous! y to produce 
put wit. i C3 or U4 opened, 


and leakage pe 


tbe coupled ww the ric 


arise if either the top or bottom hi 
Ob TT) ecutae eh en 


Spots 
of low ou tout isu defect in 


works L1-R2 and L2-F3. {! t 1 either network 
opened, a decreased output cbuld weal since much of the 
sideband voltage would be dropped across the inductor 


shunting the open resistor. 


Distorted Output. A distorted cutput condition may be 


cuused py defective nihes, improper power supply voltages, 


rage: 
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excessive input drive, or a distorted input. Cneck the power 
supply voltages taking care to observe all safety precautions 
and make any required adjustments, if necessary, If the 
output is still distorted it would be wise at this point to 
observe, with an oscilloscope, the amplitude and wave- 
shape of the input Signals. Ii should be noted thai if the 
input signals are excessive or distorted the fault lies in 

the stages preceding the power amplifier. 

it would be wise at this point to observe, with on oscilla. 
scope, the omplitude and waveshape of the input signals. 

It should be noted that if the input signals are excessive or 
distorted tne iault lies in tne stages preceding the power 
amplifier. 
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SINGLE SIDEBAND MODULATORS (SSB) 

An amplitude modulated r-f signal can be separated into 
three different frequencies. They are, the carrier frequency, 
the upper sideband frequency (USB) and the lower sideband 
frequency (LSB). A 100-percent modulated A-M signal uti- 
lizes two thirds of its total power in the carrier. The follow- 
ing diagram illustrates the frequency verses power relation- 
ships of a fully modulated AM envelope. 
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100% Modulated A-M Signal (100 Watt Carrier Power) 


An understanding of the principles of Amplitude Modula- 
tion is essential to the understanding of SSB modulation, 
since SSB is basically a form of AM. A brief review of the 
principles of amplitude modulation as discussed in Section 
14 of this Handbook will greatly facilitate the understanding 
of SSB modulation for the reader who is not throughly famil- 
iar with A-M. 

Since only the AM sidebands carry all of the intelliaence 
(modulation) the carrier can be eliminated, and the avail- 
uble transmitter power utilized to a much greater advantage. 
Both upper and lower sidebands are identical in waveform 
except for a difference in frequency. Therefore if one of 
the sidebands along with the carrier is suppressed or elim- 
inated leaving only a single sideband, an even greater ef- 
ficiency may be obtained. 

Normally, an effective 6 db power qain can be obtained 
from a t-f power amplifier, capable of dissipating say 400 
watts of peak power, by using SSB instead of conventional 
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DSB AM. For comparison purposes we shall use a 100 watt 
tated carrier power AM signa! and a 400 watt peak envelope 
power (abbreviated PEP) SSB signal. Note that the 100 
watt rated carrier A-M signal also dissipates 400 watts on 
audio peaks when fully modulated as illustrated below. 


RELATIVE VOLTAGE 


100% Modulated AM Envelope 


Ascan be seen from the illustration, thepeak to peak volt- 
age of a fully modulated A-M envelope is twice that of the 
unmodulated carrier. Peak power is four times carrier power, 
since P= E?/R. 

The following illustration compares a fully modulated 
100 watt rated carrier power envelope to a 400 watt PEP 
single sideband envelope for o single sustained tone. 


$sB 
Comporison of A-M and SSB Modulation Envelopes 


Note that while the peak power ratings of both signals are 
identical, the conventional AM modulated signal only reaches 
full peak power at the instant of 100 percent modulation. 

On the other hand, the single-sideband signal operates 
constantly at full peak power. Assuming that the AM enve- 
lope consists of a 100 kc carrier modulated by a ] kc audio 
tone, an upper sideband ct 101 ke and a lower sideband at 
99 ke are produced, along with the 100 ke basic carrier in 
the r-f envelope. Thus, the average sideband power is only 
50 watts (25 watts in each sideband). On the other hand the 
400 watt single sideband r-f envelope is either the upper 
sideband or the lower sideband (depending upon which side- 
band is selected to be transmitted), and there is no carrier 
frequency present. Hence all 400 watts of PEP is usable 
power. Consequently, there is an apparent 8-fold (9 db) 
increase in usable power of SSB over conventional DSB AM. 
Actually this only amounts to a 6 db gain is useful power, 
since a conventiona! DSB AM signal containing 50 watts of 
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total sideband power produces ¢ teceiver output that 
a 50 watt PEP SSB signal cro¢ This is because the 
upper and lower, Sidebands oft tne DSB aN signal co 
in the receiver 4 
age which is pig ere 1 to dow. jhe ae onal irude of eae’ 
sidebana. e loss of on ind apparent 
9 DB gain = ihe SSB transmissicn over conventional AM to 
an actual 6 db advantage. 

Up to this point we heve only discussed the power ad- 
vantages gained through the use o; single sideband in the 
transmitting system. Another important advantage realized 
througl. the use of SSB is that of frequency spect 
vation. For good intellicibility modulating frequ 
3 ke are reauires ior voice transmiesiars. A cervontionsl 
DSB AM contuins te carrer ney and sidenand tre- 
quencies deviating 2 ke on be 1 frequency, 


d by @ 3ke tone. 
‘Witl 


tector c. 


when the curirr freq 
Thusithe tote! nar? 
Sarie moc Sulating frec 
is only 3 kc, since 0 
apparent that a S88 5 
channels of ¢ co 


> 
» 
fom 
a 
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a 
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= 
BA 
5 
® 
w 
“a 
oD 
LS 


Since noise power i chy proport tional 
3 db gain in signal-to-noise ratio results because ol the 
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be seen that 
overall i: 
Teceiver) over 
comparison 


signals Orly the er 
deteriorction unver 3 
upper sideoand, thy 


thecarrier, a i 
sericus ai 


The effect o 


ellizence, Selectis 16 ‘nding cor 

cause a phase shift hetween the relative phase positions 

of the carrier and sidebands. This condition also results in 

distortion of intelligence. On the other hard, a SSB signal 

i cn varies tee ampli- 

Rip Detweer the sidebands ana the 

carrier, since only one sicebond and no carrier is transmitted, 
The following block diaarem illustrates a simple SSB 

transmitter arrangement. 
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The audio amplifier stage increases the speecn input 
voltage to a leve! sufficient to drive the SSB mcedulstor. 
An extremely stable t-f signcl is provided for use in generat- 
ing the desired r-i sidebands by the corrie: oscillator. The 
SSB modulator senerates coin upoer and lower sidenands 
when both audio meduletion and rf carrier are applied sim 
taneously. The sideband filter stage passes the selected 
sideband and rejects idecond. The i irequency 
multiplier stage m multiplies th se 
carrier ascillato: to a hicher fr 
frequency stage, where t 
heterodynes with the sideband 
filter, and produces tne desired transmitter output Aenehale 
The linear power ams lise stage } clify th 
from U 


mission 


filters ar 
plications, aor sereration 
low radio frequencies, The generated 


al 


mrp th oer 


quency conversion. Although the 
transmitter discussed above uses 
of understan 


version to obtain the 


uency 


ai dptias d adolmine ats sate 
The single sidcbend modulator is used to generate ampli- 


tude modulated upper and lower sidebands, meanwhile sup- 
pressing or cancelling the r-f carrier which was used to 
generate tne sidebonds, By beating tne audio modulation 
against the unused carrier frequency, sur. anc difference 
frequencies are produced to provide tre actual sidedcnd 
frequencies. It is also importart to note that the carrier 
frequency doesnet appec: in the output of the modulator 
cause circuit clements are arranged to produce this effect. 
Ali types of single sideband modulators such as the balanced 
modulator, the bolanced+bricge rectifier-type modulator, 


andthe product modulater produce the cam 


They ciifer, however, in tne manner in wnich they. achieve 
carrier suppression cnd jenerate sideka: Eacn of these 
circuits is discussed in detail in the folowing paragraohs. 


recult 


BALANCED (PUSH-PULL CARRIER INPUT} MODULATOR. 


APPLICATION. 


modulat 


the ref carries 
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CIRCUIT ANALYSIS. 

General. While all modulators have the characteristic of 
procucing sidebands the belerce sletor is unique in 
that it produces only upper end ig los wer sid jebands and sup- 
presse 


or cancels the ref car nthe output. Different 


manner in whicn 


' 
types of balanced modu 
they achieve carrier su’ 
the manner ir: which the dclanced (p pull carrier insut) 
maculator achieves carrier suppression. The balanced 

modulator discussed nere aie two tetr 
plates connected in pazallel, 
wf carrier 


pull (out of phe. 


s applied to +! 


the screen arids in puck 
piel telmeieeat 


carrier signal is cancelled in the o cteut tank circuit and 
upper and lower sideba re jeneratec. Itis important 
to consider thet carrier sucsression occurs in the output 


ve-soing aba signals. Bree: 
siodulator control grids 
push pull, the modulator tubes conduct and produce an r-f 
output on alterncte nalf cy {the rf ingut. Since only 
one tube is conducting at a civen instant, the rf pulses ap- 
pearing in the plate circuit of each tube are not aff 
by the other tube. In the tank circuit, however, the t-f pulses 
cccur at a rate which tends to cancel rather than reinforce 
tank circuit oscillations. The generated sidebands do not 


cancel in the output, since the output tank is resonant 
to only the carrier frequency, The sudio modulation 


is not developed in the output due to the tow impecance 
presentod to audio ‘ce: Shy theif 
This discussion concerns the use of tetrodes in the ous 
pull carrier input pie modulctor, ‘Iriodes or pentodes 
may be used in clace of tetrodes, the need being determined 
by system requirenents. 


Circuit Operation. The following schematic diagram 
illustrates a typical balanced (push-pull carrier input) 
modulators 


-f {carrier sianal from the 
Julators 


is effectively contartan 
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Push-Pull Corrier Input Bolanced Modulator 


always lower than the plate voltage, so that the negative 
resistance effects inherent in the tetrode are not encountered. 
Transformer T3 serves as the tuned output transformer. 
The primary LS of T3 cogether with capacitor C5 form a 
parallel resonant tank circuit which is sharply tuned to the 
cartier frequency. 
To more easily understand the operation of the balanced 
(push-pull carrier input) modulator assume first that only 
the ref carrier is cpplied. Assume that the first half cycle 
of tf carrier drives the grid of V1 positive and the grid of 
V2 negative. Since V2 is cutoff due to class C bias, the 
negative signal on the grid of V2 has no effect on V2. On 
V1, however, the positive half cycle of rf drives the tube 
into conduction and a negative going r-f signal appears in 
the plate circuit. Capacitor CS charges during the period of 
increasing plate current. When plate current starts to de- 
crease C5 discharges building a magnetic field cround LS. 
When plate current ceases the magnetic field around L5 
would normally collepse and charge C5 in the opposite 
direction. This is normal tank circuit oscillation sometimes 
called, “flywheel action’. 
At this time, however, the next half cycle of r-f input 
drives V2 into conduction and a negative going rf pulse 
appears in the plate circuit. Capacitor C5 charges and pre~ 
vents the magnetic field around L5 from collapsing. When 
plate current starts to decrease C5 discharges and maintains 
constant current through LS Witn constent current through 
LS the maanetic field around LS remain unchanged, and an 
output is not inductively couples to the followins stages. 
In effect, the t-f output pulse from V2 cancels the r-f output 
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pulse from V1. The amplitude of these pulses should be 
approximately equal, considering the losses in the tenk 
circuit, for the r-f corrier signal to be effectively canceled. 
The relative amplitude cf the r-f carrier pulsescan be varied 
by the adjustment of potentiometer R2. 

Under actual operating conditions with both the r-f 
carrier and the audio modulation applied, upper and lower 
sidebands are produced through the beating of the r-f carrier 
and the audio modulating signal in the non-linearly operated 
modulator tubes. It is imscrtant to note that the sideband 
frequencies, unlike the carrier frequency, are not conceled 
in the output tank circuit. This is because the output tank 
circuit is sharply tuned to the carrier frequency and the side 
band frequencies will deviate sufficiently from the carrier 
frequency for the output tank circuit to appecr non-resonant 
to these frequencies. Hence no sideband energy will be 
stored in the tank circuit from one half cycle of r-f input 
to the next and cancellation of the sidebands will not occur. 


FAILURE ANALYSIS. 

No Output. Failure of one of the modulator tubes is 
not likely to cause a no-output condition to exist. Failure 
of the power supply or a circuit component common to both 
branches of the palanced modulator is a much more lixely 
cause of no output. Voltage checks of V1 and V2 with a 
voltmeter would reveal a defective component that could be 
the cause of no output. Power supply voltages should be 
checked and adjusted if necessary. Any discrepancies found 
during voltage checks can be followed up, with the equip- 
ment deenergized, with resistance checks of associated cir- 
cuit components to reveal the component at foult. Since 
both r-f carrier and modulation inputs are required to pro- 
duce a sideband output, lack of either signal could be a 
cause of no output. Presence of these input signals can be 
teadily determined with an oscilloscope. The r-f carrier 
should be present on the control stids of both tubes and 
should have sufficient amclitude te drive the tubes above 
cutoff. If the r-f carrier is not present on the arids of the 
modulator tubes, check for presence of the r-f corrier on the 
primary of Tl, If no signal is present on the primary of T1 
the fault likely lies in the stage, or stages, preceding the 
balanced modulator. If ¢ signal is present on the primary of 
T] but absent on the control grids of V1 and V2 the fault 
likely lies in transformer T]. If the audio modulating signal 
is not present on the screen grids of the modulating tubes, 
check for presence of the modulation signal! on the primary 
of T2. If modulation is present on tne primary of T2 but 
absent on the screen grids of V1 and V2, transformer T2 
is defective. If the modulation signal is absent at the primary 
of T2 the fault likely lies in the preceding stages. 

Low Output. A common cause of low output is decreased 
emission of the modulator tubes. The power supply 
voltages should be checked and corrected if necessary. 
Voltage checks of Vl and V2 would reveal if a de- 
fective circuit component is the couse of low output. 
Should a discrepancy be found during voltage checks a re- 
sistive analysis of cicuit components would reveal the com- 
ponent at fault. Another possible cause of low output could 
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be decreased amplitude r-f carrier input or decreased am- 
Plitude modulation input. The existance of this conditior. 
can be determined by observing with an oscilloscope the 
amplitude of the r-i carrier signal on the control grids, and 
the amplitude of the modulating signal on the screen arids 
of V1 and V2. 

Gistorred Gutpur. Distortion of intelligence in SSB 
systems will occur if the transmitter and receiver are not 
exactly on frequency. Distortion in SSB transmitter is 
usually caused by improper operation of the lineer power 
amplifier or by operating any stage in the tronsmitter beyond 
its capabilities. If the balanced modulator is determined 
to be the cause of distortion a possibie cause could be de 
fective tubes. Check the power supply voltages with a volt- 
2 power supply voltages 
are correct, a resistive analysis of circuit components with 
the equipment deenergized would reveal a component failure 
that could be a cause of distorted output. Do not overlook 
the possibility that the audio modulation is distorted before 
it reaches the balanced modulator. The existance of this 
condition can be determined by observing, with an oscillo- 
scope, the quality of the modulation signal on the screen 
gtids of V1 and V2 with an audio tone fror an audio signal 
generator applied to the transmitter. 


BALANCED (PARALLEL CARRIER INPUT) MODULATOR. 
APPLICATION 


The parallel carrier input balanced modulator is used 
to produce uniplitude ey 
frequencies for use in suppressed-carrier, single sitiebantd 
transmitters, commonly abbrevicted as SSSC. 


CHARACTERISTICS. 

Utilizes nonlinear characteristics of electron tubes to 
produce sidebands. 

Produces emplitude modulcted upper ond lox 
while suppressing the r-f carrier. 

No output is produced unless both r-f cartier and m 
tion are present. 

Modulation is accomplished at iow power jevels, there- 
fore, no large modulator power supply and transformers are 
needed. 

Uses push-pull output ond porallel input to cancel out 
the carrier. 

Can provide conversion asin is 
than modulation is 


PEITEL 


Sinenand output 


CIRCUIT ANALYSIS. 

General, ihe pardile: carrier-input paianced r.oauiator 
produces amclitude modulated sidebands and suppresses the 
ret cary 
phase, to the qrids of iwo wt 
in push pull (out-of-phase). The tf carrier siqnal voltage is 
Kept Bi to 10 umes as large as the momlaung voltage to keep 


1 


in the Output. The moduatin 
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to the grids of the balanced modulator through a transformer. 
This transformer is eifectively centertapped by a resistance 
network connected across the secondary winding for bias 
insertion. The center tap arrangement produces a 180 dearee 
phase different between the audio modulation signal voltages 
on the grids of the modulating tubes. When both r-f carrier 
and modulating audio signal are applied to the grids of the 
balonced modulators, sum and difference frequencies (side- 
band) are produced by the modulating frequencies beating 
against the carrier, since any amplitude modulation process 
is essentially the same as heterodyning. As in a frequency 
converter, any modulation which exists on one of the mixing 
frequencies is lineorly transposed to the resultant sum and 
difference frequencies. Tne plate circuit contains the upper 
and lower sidepands, which are the sum and difference ite 
quencies, respectively, dio modula- 
tion. The carrier is cancelled out by pu on in the 
output transformer qnd theo tout transformer also presents 

a flow! impedance to the audio modulating siqnal. Therefore, 
the original modulating sine is not developed in the out- 
put. The genercted sidebands cre out-of-phase witn each 
other at the plates of the tubes, since the modulat: 
is out-of-phase at the srids. These out of pha 


eal ae gnals do, 


add in the output rather than cancel cs in-phase signals d 
and they are inductively coupled to the following stages 
through the output transformer. Tetrodes and pentodes may 


be used with equal or greater effectiveness, their use being 
determined by system requirements. 

Circuit Operation, The accompanying diagram illustrates 
a typical p parallel corrier-innut balanced modulator. 

Transformer T] couples the audio modulation to the 
gries of balanced lstor tubes V1 and ¥2. Resistors R1 
and RZ provide grid dias ond on e' effective centertap for Ti. 
Copacitor Cl couples the r-f carrier from the carrier oscil- 


lator to carrier balance potentiometer R3, Carrier balance 


alative amplitude 
ne tenative amplituce 


orrier, and the cud 


al 


rentioneter RZ is cdjusted to vary 


porention 
of the carrier signal on the grids of V1 and VZ, so that the 


circuit may be compietely balanced and the carrier sup 
ase is) tars C2 and C3 ee the rf 


pressed in the output 


cartier front» balan 
ren) 
V2 i 


used tor aayalonies the mod i R4, wi 
bypassed by C4, provides cathode bias for both tubes. 
Center-tapped plate transformer T2 provides a push-pull plate 


sesisiorr while C7 rypasses my anwar 
f ground se in 


ad olaces the center tap of T2 


The operstion of th 


lator can be 
the r-f carrier. The r-t carnier enentel in the carrier uscil- 
™] tn the slider of variable resistor 
a9 


d by cst -apiying on 


= 


Teter 
R3. at both ends of 
hroush om aaa C3 to nie grids of V1 ond 


af alod 
and is coupicd through 


Vz. The carrier signal voltage is insertes 


sounled throu 
gles 
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Parollel Carrier Input Balanced Modulator 


operating on the positive half-cycle, both plates draw an 
increasing plate current (the grid input is in-phase), and the 
voltage drop across each half of the transformer winding is 
negative going, so that equal and opposing voltases are 
developed in the transformer primary which cancel, and no 
output is obtained from the secondary. Likewise, on the 
negative half-<ycle less plate current is drawn and the drop 
across the transformer is positive going, end equal and op- 
posing voltages are developed in the primary and also cancel 
out, so no carrier again is produced. If the circuit is pro- 
perly balanced by the adjustment of R3, these opposing 
signals are equal in amplitude and the carrier is effectively 
suppressed. 

The amount of carrier suppression obtained depends upen 
the degree of balance between the two legs of the balanced 
modulator circuit. When two tubes of the same type are used 
in a balanced modulator circuit (without any balancing ad- 
justment) corrier suppression of 10 to 15 DB generally results. 
Since carrier suppression of at least 35 DB is usually re- 
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quired in suppressed-carrier, sinale sideband systems it can 
be seen that some type of fine balancing adjustment is re- 
quired. In this circuit R3 is used for carrier balancing, but 
other methods (such as varying the bigs or plate voltage on 
the modulater tubes} may be encountered in other circuits. 
When audio modulation also is applied, c different situa- 
tion arises. The cudio modulation is applied tarough trans- 
former Tl. Since the secondary of Tl is effectively center 
tapped by resistors R] and R2 modulation signal voltages 
will be developed across each half of the winding which are 
out of phase with each cther. This modulating siaal is 
applied directly to the grids of V1 and V2. Capacitors C2 
and C3 are of such a value ‘nat they present a high im- 
pedance to audio frequencies and prevent any audio modu- 
lation from crossing over, from one arid ta the other, and 
canceling each other out. The cudio modulating sial 
modulates the r-f carrier and produces upper and lower side- 
bonds in the plate circuit of the modulator tubes. These 
sidebands are produced by mixing thé t-£ carrier frequency 
and the modulation signal across a nonlinear device. To 
illustrate the operation of the parallel carrie:-input tal anced 
modulator with both r-f carrier and modulating signal applied 
assume that the first helf cycle of the modulating voltage 
applied to the grid of V] is positive and the first half cycle 
of the modulating signal applied to the grid of V2 is negative. 
It can readily be seen that conduction of V1 will increase 
with negative going sideband frequencies being generated 
across the top half of the output transformer. At the same 
time, the negative half cycle of audio modulation applied 
to the grid of V2 decreases conduction of V2, causing posi- 
tive going sideban¢ frequencies to be developed across the 
bottom half of the output trensformer. Push pull action thus 
occurs and the sideband frequencies adé to each other, 
causing both upper and lower sidebands to be developed and 
inductively coupled to the secondary of T2. The t-f carrier 
is suppressed, as explained earlier, and the original audio 
modulating signal is not developed due to tne low reactnce 
of T2 to the basic audio modulation frequencies. Therefore, 
only the upper and lower amplitude modulated sidebands 
are produced by the balanced modulator. 


FAILURE ANALYSIS. 
No Output. Since both modulator tubes perform the same 
function it is unlikely that failure of one tube or associated 
circuit would cause a no-output condition. A much more 
likely cause of no output would be failure of something com- 
mon to both tubes such as the power supply, the cathode 
Tesistor or the circuits associated with the rf carrier input 
or modulation input. Voltcge checks on V1 and V2 with a 
voltmeter would reveal a defective component that could 
cause no output. Should all the voltages check good the 
cause of no output could be the lack of either r-f carrier or 
modulating signal. This cen be easily checked with an 
oscilloscope. Check the < for presence of both signals 
with the carrier oscillator ‘operating and meduletion applied. 
If the modulating signal is not present on the grids, check 
for presence of the modulction signal on the o imary of Tl. 
This will determine whether T] or the precec 
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stages are at fault. Should the r-f carrier be missing check 
the output of the corrier oscillator. If there is an cutput 
from the carrier oscilletor, signal trace the components 
linking the carrier oscillator to th 
tubes. Should all the con 
tion be met, i.e. proper voltages on the tube elements, pro- 
per carrier and modulation inputs, ens there is still no out 
put, transformer T2 cculd be Selective, Check tings 
of TZ for proper resist: 


igs for leckag 


to ground. 
Low Output. Low output con be < 
tube or tubes, improper power supply volt 


reult component. Li 


output < 


possibly by decreased amplitude of the Ce stanal’ 
Check the power supply voltages. If the power supply volt- 
ages are good, voltage checks of thes We ele 


cause of low output. 


Should these om checks reveel g a 
discrepancy, ee checks, with the circuit deenergized, 
would revea! the component at fault. The possibility of 
decreased amplitude r-f carrier signal or modulating signal 
input con be checked by observing these signals on an oscil- 
loscope. If all the conditions necessary for proper operation 


are met, i.e. good tubes, prorer cower supply volteges, ond 
good circuit components, poor cperation could he the result 
of a defective output transformer. Since the resistance of 
the output transformers windings are relatively low a shorted 
winding could easily be over none when making resistance 
checks. Check the resistance of each nelf of the pri 
winding, each half shoula be equal, and check the resis- 
tance of the secondary winding. 1 the centertap d:scen- 
nected check the wincings for leakage to ground. 

Distorted Output. It should be noted that distortion cf 
intelligence will occur if the single sideband tran 
Teceiver are not exectly on frequency. Distortion ir 
sideband transmitters is frequently caused by improper opera- 
tion of the linear amplifiers, or by operating any e beyond 
its capabilities. If system distortion is determined 
caused by the balanced m ae al 
improper voltages applied to t tubes, or Gefective tube 
or tubes, or failure of seme circuit component. Check the 
power supply voltages, if they are good, voltage checks of 
the tude elements would indica’ Or not a detective 


circuit component 8 the oc 


nage 
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CHARACTERISTICS. 

Produces upper and lower sidepands while suppressing 
the r-f carrier. 

Utilizes four diodes connected in o bridae « uration. 

Produces sidebands by heterodyning action produced by 
nonlinear dicdes. 


tn an r-f carrier end modulst: 


Requires b 


simultaneously to produce an output. 


CIRCUIT ANALYSIS. 
Generol. The purpose 


ele badd 

ts so that a bald 
tne two legs of tne bridge when onty on ref carrier is appl 
This ee condition will prevent cn tf outst from heine 


wt iS 


the Bthen: This niles current to Hate through the cutput 
transformer, and an output is produced. The current 
flowing through the output transformer is the upper and 
lower sidebands generated by the heterodyning oi the r-i 
carrier and modulating signal within the non-linear diodes. 


s cchieved because the curren 


Carrier suppression 
through one leq represents the carrier and sidebene currents 
plus the modulating signal current, while current througn the 
other leg consists of only the carrier current. The overall 
effect is to cancel the ref cerrier currents. The audio fre- 

} tout by cuseditors 
whose reactance is high to reals mle Orly the 


sidebands are prevent in the ourpu' 


Circuit Operation. The Bias a ee diagram illustrates 
a typical balanced bridge modulator utilizing electron tube 
diodes. 
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from the carrier oscillator to the balanced bridge. Diodes 
V1, V2, V3, and V4, form the balanced bridge. Capacitors 
Cl and C2 block audio frequencies, thereby preventing the 
primary of T3 from shunting the secondary of T2. This is 
necessary since T3 is an rf transformer and would present 
a very low impedance to audio frequencies. Transformer 
T3 serves as an output tronsformer. Designations at points 
A, B, C, and D are used only to illustrate circuit operation. 

To more easily analyze the operation of the balanced 
bridge modulator, assume first that only the r-f carrier is 
lapplied. Assume that during the first half-cycle of r-f, point 
[A is positive with respect to point C, This back biases the 

| diodes and no current flows, hence no output results, since 
the bridge appears as an open circuit. 

When the negative half-cycle appears point A becomes 
negative with respect to point C. This forward biases the 
diodes and current flows from point A through V1 and V2 
to point C. An equal current will flow from point A through 
V4 and V3 to point C. When the current through leq V1, V2 
{s equal to the current through leg V4, V3, a state of balance 
exists and no current wil] flow through winding LS of the 
output transformer, T3. The accompanying illustration shows 
the equivalent circuit of the bridge in a balanced state. 


rpvi B rpv2 


Equivalent Circuit of Balanced Bridge 
Modulator With Only r-f Carrier Applied 


The resistances represent the plate resistance of the 
diodes. Since the diodes are all of the same type and have 
the same characteristics, their conduction and plate resist- 
ances are the same. Resistor RL represents the load pre- 
sented by the output transformer. There is no difference in 
potential between points B and D, and no current flows 
through the output tronsformer. Thus there is no output from 
the balanced bridge modulator when only the r-f carrier is 
applied. 

When only the modulation siqnal is applied, circuit 
operation is as follows. Assume first that a positive half- 
cycle of modulating voltcge is applied; causing point B to 
be more positive than peint D. It can be seen that the 
instantaneous potenticl created by the positive half-cycle 
of modulation signa! will cause current to flow from point D 
through V3 to point C. Since the plate of V2 is connected 
to point C, current will rot flow through V2. Current will, 
however, flow from point C through the secondary, L4, of T2 
to point A, ond through V1 to point B. Current also will 
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not flow through V4 since V4 like V2 is back-biased to cut- 
tent flow in this direction. The return peth for current flow 
is through secondary L2, of T]. The primary, L5, of T3 
does not effect the moculstion siqal since Cl and C2 offer 
a high impedance to the relatively low modulating frequency 
and prevent any shunting effects of L5 on L2. When the 
polarity of the modulating signal reverses, current flows fror 
point B through V2 to point C. From point C current flows 
through the secondary, L4, of T2 to point A and then through 
V4 to point D. The return path is through the secondary, 
12) of Tl. 

Under actua} operating conditions with both r-f carrier 
and signal applied, the balance between the upper and lower 
legs of the bridge caused by the equal rf carrier currents 
through each leg is disrupted by the modulating signal and 
a sideband output results. 

To examine the circuit under actual operating conditions, 
consider first that r-f carrier current is flowing in equal 
amounts through the upper and lower legs, V1 and V2, and V4 
and V3 respectively. When a positive going cycle of audio 
modulating signal is applied to T1, modulation signal cur- 
rent flows from point D through V3 to secondary L4 of T2 
‘and to point A, and then through V1 to point B and back to 
secondary L2 of Tl. Since the diode is a nonlinear device, 
mixing, or heterodyning, takes place between ther-f carrier 
currents and the modulating signal currents flowing through 
V1 and V3, and both upper ond lower sidebands are pro- 
duced, These sideband currents follow the same path as 
the modulating signal except that they flow through the out- 
put transformer T3 instead of the secondary L2 of Tl. This 
is because transformer Tl offers o high impedance to the 
relatively high sideband frequencies. The sidebands are 
inductively coupled through T3 to the following stages. 

The overall effect is the same for o negative half-cycle of 
modulation except that sideband current flow is through V2 
ond V4 and the flow is through the output transformer in 

the oppusite direction. 


FAILURE ANALYSIS. 
No Output, A no-output condition could be caused by 
an open or shorted winding on any of the three transformers. 
With the equipment de-energized, a resistance check of the 
transformer windings will indicate an open or partially shorted 
winding. Failure of one of the diodes will not be likely to 
cause no-output, however if the diode filaments are con- 
nected in series an open filament could cause the other 
diodes to be in operative, A visual check with the equip- 
ment energized will reveal whether or not any filament 
failures occur. Since a balanced modulator does not pro- 
duce an output unless both r-f carrier and modulation sianals 
are present, lack of either these signals could be a cause of 
no output. Presence of these signals can be determined with 
an oscilloscope. To check for the presence of the modulat- 
ing signal, observe the waveform present at points B and D. 
If the modulating signal is not present at these points check 
for modulating signal on L1 the primary of Tl. If the mod~ 
ulating signal is present nere, but is absent at points B 
and D the fault most likely lies in transformer T]. If there 
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is no signal present on the primary of T] the trouble is likely 
to be in the preceding stages. The presence of the r-f 
caftier can be determined in the samemanner by observing 
the waveform oe at Pie Aand C. if the r-f carrier 

is not present at le car. be localized by 
sianal traciny with an Sresitliaaatpe tarnugh T: 


put. A common cause of 


from decreased emission of one or more of the 
Tf any tubes are replaced it woulc be good procedure to check 
oll the tubes on a tube checker and use only tubes which 

have approximetely the same emission. This is 
advisable if a high degree of oalance is desired within the 
bridge of diodes. If the tubes are good, ano 


Cduse uf luw wuipuicould be insufficient mo: 
or insufficient r-f carrier input. This condition can tba 
checxed by observins veforms 2 
sent at the modulatio 
cartier inputs to 
the cause can be determined 


dy signal tracing + 


oscilloscope and notingany excessive attenuation through 
the input transformers. If the amelitude of cither simal is 
proper on the primary of the respective input transformer but 
low an tne secondary, tne transformer isdefective. if the 
amplituce of the input siqnal is low on the 
tespective input transformer the trouble likely 

stages preceding the balanced modulator. 

Distorted Output. Distortion could be caused bya defec- 
tive tube. Another cause of distortion might be a low r-f 
carrier input. The r-f cerrier should he & to 10 
wf 4: Sepheeh Srp aspeonat os on to 


owl ine mocuicling siunci ior on to 


atc 


ampl 
Minimum. Do not overloox the possibility that the modula- 
tion inp: hetorted pofere it reaches the balanced mod- 
ulator. Anclysis of the : 
would reveal if this cond 


ion existed. 
PRODUCT MODULATOR. 
APPLICATION. 


The product wudulator is used in single sideband trans- 
mitters to produce amplitude modulated upper ond tower 
sidebands while suppressing the :-! cerrie:. 


CHARACTERISTICS. 


The output of a product mouuictor is progesona! to the 


Dees not require 


CIRCUIT ANALYSIS. 

General. The pr : 
plicutions produces empittude moduictes upper and iower 
sidebands while suppressing, or cancelling the r-f carri 
The aimgle sideban¢ prozuct modulator utilizes three trio 
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are impressed on the crids of catnode followers, and r-f 
carrier cn¢ audio moduletion cre developed across the com- 
mon cathode resistor. Since te modulctor tube also uses 
the same cathode resistor, uudio modulation and ref carrier 
signal voltage SP OEGE | on the cathode of the modulator tube. 


Sip Gee 
reretep rene te 


The i-f cai ai 
modulator tube and upper and lower sidebands ore generated. 
Carrier suppression is actieved by coupiine the rf comier 
signal developed at the plate of V1 to the plate of V3. Since 
there is 180° pnase difference between the r-{ carrier signal 
developed at the plate of V1 and at the plate of V3, the r-f 
corrier is effectively canceled. The product modulator 

when applications 
band output or, on ncth tha ret ear 
modulator are applied simultaneously. The use of Poctode 
followers eliminates the need for rf carr 


ed in single sidebar 


lation input transfi 
dation input transi 


ne neces: impecance ch 
ae 5 a and the procuct modulator, and also between the 
audio amplifying circuits and the procuct modulator. The 
cathade follower provide 
carrier oscillator and the audio circuits. By eliminating 
thecarrier suppression provisior. the product modulator can 
also be used os c low distortion A-M modulator. 

The following circuit diagram illuswates a typical pro- 

duct modulator for use in single sideband systems. 


ners, Since th 
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SIDEBAND. 
cz OUTPUT 


‘ 


carrier to the atid of V1. Hesistor 41 ana esistor 
for Vl and V2, respectively. Capacitor C4 couples the 1-i 
carrier signal voltage from tt 
V3 for the vurpose of 
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all three tubes and potentiometer R6 provides a carrier 
balance control py varying the fixed bias on V3. V1 and V2 
which serve as cathode followers couple the rf carrier input 
and the audio modulation input to the cathode of V3 which 
serves as the modulator tube. Inductor L1 is the plate load 
for V3, and C4 capacitively couples the aenerated sidebands 
to the following stages. 

To more easily examine the operation of the single side- 
band product modulator, first assume that only tre r-f car- 
tier is applied to the modulator. 

During the positive half cycle of r-f carrier input the 
conduction of V1 increase and the voltage drop across plate 
resistor R2 increase ccusing a negative going r-f carrier 
pulse to appear at the plate of V1, and the voltage drop 
across common cathode resistor RS increases, causing ¢ 
positive going r-f carrier pulse to appear at the esthode of 
Vi. Since the cathode of V3 is directly connected to the 
cathode of V1, the positive r-f pulse appears on the cathode 
of V3 ond decreases the conductor of V3 causing a positive 
going t-f pulse to appear ot the plate of V3. The negative 
tf pulse on the plate of V1, is coupled through capacitor 
C3 to the plate of V3. If the r-f pulses from V1 are equal 
in amplitude to the rf pulses fron V3 there will be complete 
cancellation, and the r-f carrier will not oppear in the out- 
put. The relative amplitude of these t-f pulses may be 
varied by the adjustment of R6 which varies the gain of V3. 
The positive half cycle of r-f input was used only to illustrate 
circuit operation. Circuit operation is the some fora neqa- 
tive half cycle of r-f input. 

Thus with only the ref ccrrier applied there will be no 
output from the product modulator. 

When audio modulation is applied in addition to the r-f 
cartier upper and lower sidebands are generated. Audio 
modulation is coupled through coupling capacitor Cl to the 
gtid of cathode follower V2. Audio frequency voltage are 
developed across common ecthode zezistor R5 and are 
directly coupled to the cathode of V3. The rf carrier and 
audio modulation beat togethe: in V3 and four basic fre- 
quencies appear in the plate circuit of V3. The: 
quencies ore the original cudio modulation, the originel r-f 
carrier, and newly genercted sum ard difference frequencies, 
The r-f carrier frequency present in the plate cizeuit of V3 
will be canceled by the 180° out-of-phase r-f carrier signal 
coupled to V3 from V1, as explained in the previcus para- 
graph. The audio modulotor present in the plate circuit of 
V3 is not developed in the output since inductor L] presents 
a low impedence to audio frequencies. The generated sice- 
band frequencies, referred to earlier as sum and difference 
frequencies are developed across inductor L1 and capaci- 
tively coupled through C4 to the following stages. 


FAILURE ANALYSIS. 

No Output. Failure of almost any component could be a 
cause of no output in the product modulator. Check 
the power supply voltages to make certain that a defective 
power supply is not the couse of no-output. Voltaae checks 
of tube elements will reveal if a component failure is the 
cause of no-output. Any discrepancies found during voltage 
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checks can be followed up, with the equipment de-energized, 
by a resistive analysis of circuit components to reveal the 
component at fault. It should be noted that the product 
modulator will produce an output only when both r-f carrier 
and audio modulation are present on the cathode of V3. Pre- 
sence of the ref carrier and the audio modulation can be 
determined by observing the waveform witn a oscilloscope 
on the cathode of V3 with modulation applied to the transmit- 
ter and the carrier oscillator operating. If either signa! is 
missing the trouble can be localized by signal tracing from 
the signal source, either the carrier oscillator, or tne audio 
amplifying circuits, to the cathode of V3. 

Low Output. A likely cause of low output in the product 
modulator is decreased emission of the electron tubes. If pro- 
per operation is not restored, a defective circuit component 
could be the cause of low output. A resistive analysis of 
circuit components with the equipment de-energized would 
reveal a defective component that could be the cause of low 
output. 

Another possible cause of low output is decreased om- 
plitude r-f carrier input or decreased amplitude audio modula- 
tion input. The existence of this condition can be readily 
determined by observing the omplitude of the r-f carrier 
signal and audio modulation present on the cathode of V3, 
with an oscilloscope. 

Distorted Output. It should be noted that distortion will 
occur in SSB systems if the transmitter and receiver are not 
exactly on frequency. Distortion in SSB transmitters usually 
results from improper operation of the linear power amplifiers 
or by operating any stage beyond its capabilities. 

If the modulator is determined to be the cause of distor- 
tion a likely cause of distortion would be defective tubes 
or a defective circuit component. The tubes con easily 
checked by exchanging th th tubes known to be good. 
Resistance checks of circuit components would reveal if 
a defective circuit component is the cause of distorted out- 
put. Power supply voltazes snould pe checked and adjusted 
if necessary to make certain that < defective power supply 
is not the cause of distorted output. Don’t overlook the 
possibility that the audio modulation may be distorted before 
it reaches the product modulator. To check for this condition 
observe with an oscilloscope, the quality cf the audio modu- 
lation present on the arid of \ th a audio tone from a 
audio signal qenerator aprliec to the modulation input of 
the transmitter. 
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PHASE MODULATORS (PM). 
In phase modulation, sometimes referred to as indirect 
frequency modulation, the sidic signal! is uséd-ts shift the 


Ye 


phase and the frequency of the carri 


in a frequency varistion in the outpu 


deviation is directly propartional to # 


he 
audio si 


Result of Phase Modulation. 


The solid line represents the carrier fre 


audio signal is introauces et the beginning ot time Ti, the 
next positive peak occurs, for exem ple, oat time T3, she win 
in dotted lines, instesd of at a time TZ, waere it would 
normally occur. Since the peak following T1 now oc: 
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carrier. By the same token, the has be ci 
leading one by the apeiications of a srl of aj 
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APPLICATION. 
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Basic Phase Modulator 


ond the audio modulation is applied. R2, in conjunction 
with C2, also performs the function of a decoupling network, 
which bypasses the lower end of Rl to ground and prevents 
the r-f carrier frequency component from feeding back into 
the audio circuits through-T]. In effect, it isolates the r-{ 
from the audio, despite the appcrent common connection. 
The audio modulation is applied through transformer T] 
and through R2 and Rj to the qrid of Vi. Cathode resistor 
Rd provides degenerative feedback, and the plate tank cir- 
cuit, consisting of L2 and C3, is tuned to a frequency below 
the lowest output rf frequency. Because Rd is unbypassed 
and causes degenerative feedback, the tube gain is rela- 
tively low. 

The r-f signal (the carrier) is of constant amplitude 
and frequency, and with both positive and negative cycles 
equal in amplitude, no bias change is produced on V1 grid. 
Thus an amplified r-f carrier appears as the reproduced out- 
put, with the normal 180 degree grid to plate phase shift. 
The audio modulation, however, applied through tronsformer 
Tl, provides, in effect a changing bias on V] qrid as it 
varies in amplitude and polority. As a result, the gain of 
the tube is varied in accordance with the audio signal bias. 
The manner in which this variation in the gain of the triode 
is converted into a phase shift of the carrier, can be better 
understood through the use of vector diagrams. 

The voltage produced by normal amplifier action is rep- 
resented as ep. Another r-f voltage is produced by the grid 
to plate capacitance of the tube, and is represented as ec, 
and the result of these two r-f plate voltages, which is the 
instantaneous plate voltage, is represented as er. Due to 
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Vector Diagram Showing Effect of Modulation 


normal amplifier action, ep is 180 degrees out of phase with 
eg, the grid voltage and its amplitude is relatively low 
because of the degenerative effect of tne unbypassed cathode 
resistor, R4. Since ec lags eg by some amount, er, which 

is the vector result of ec and ep it falls somewhere between 
these two voltages, as illustrated in the above diagram. 

When the signal or. the arid increases in a positive direc- 
tion, the amplituce of the plate signal also increases, with 
the followingresult, The vectors which change as a result 
of this increase in grid simal cre designated as e’g, er, and 
e’p. Voltages eg, er, and ep are shown in order to compare 
this example with tne previous one. It can be seen there- 
fore, that with a larger signal on the grid (e’q), the closer 
e'p and e’r become in phase. 

Conversely, when the grid signal (e'g) decreases in 
amplitude, the plate signal, e’p decreases, as illustrated 
below. 

As a result, the vector er shifts further out of phase with 
€p (to e’r) than it was under the first condition illustrated. 
By comparing these three illustrated circumstances, it can 
be seen that the phase relationship between er ond eg 
constantly changes in phase cs eg varies in amplitude and 
polarity. 

The overall effect is that the amplitude of the modulating 
signal determines the amount and direction of phase deviation 
of the carrier in the output. The frequency of the modulating 
signal determines the rate at which the phase of the cerrier 
deviates, and thus determines the amount of frequency 
deviation. This effect can be more clearing seen by referring 
to the accompanying illustration showing the different 
frequencies produced by adding Fl ond F2, and Fl and F3. 
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Vector Diagram For Increasing Grid Voltage 


Effect of Frequency and Amplitude Changes of 
Modulating Signal 


since the carrier frequency F, is at at the same instant, 
the sum value (Fi + £2) is ut+}0 volts ond by assumption 
leads F, by 90 degrees. As the modulation voltage (F2) 
decreases to +5 volts, the phase shift is reduced to one- 
half maximum or 45 degrees. At this point, Pl has com- 
pleted 180 degrees of its cycle end is at 0 voltage, except 
that the 45 decree a i he sum of F, and F, 


modulation Voltage 
voitage no further 


Aeqrees of its cy: 


oitaqe aise’, Tre nesative modulation 


Vector Diagram For Decreasing Grid Voltage 
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modulating voitage, leading on the pusitive uli cycle uf 
modulation and lagginaover the neaative bali cycle, with the 
amount of phase shit being proportional to the instantaneous 
amplitude of the modulating siaal. 

By following t i 
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explained 
that of F, is us { the ficure is 
an increasing frequency. Since acy ceviation incre: 
with on increase in the wicdulatien fresuency, this is the 
result to be expected and proves our previous assumptions 
to be correct. 


FAILURE ANALYSIS. 

No Output. A cefect in nearly any onent in the 
circuit can cause a no output condition to exist. Check 
with an oscilloscope to make sure that both the oscillator 
and the audio modulation are present at the inputs to the 
circuit. If either one is missing, the modulator is probably 
not defective, and the output will probably be restored with 
the restoration of the missing input. If both inputs are 
present, disable the oscillator, and check for the modulation 
input of the grid. If not present, check transformer T] for 
continuity with on ohmmeter. Check Rl, R2 and R3 for a 
change in value, and C2 for a short. Disable the audio in- 
put, and check for the presence of oscillator frequency on 
the grid. If absent, check Cl for an open. If both signals 
are present on the grid, check R4 for value, and L2 for 
continuity. Check for the presence of plate voltage with 
an voltmeter. Check C3 for a short, and C4 for an open. If 
@ no-output condition still exists, check all capacitors with 
an in-circuit capacitor checker, 

Low or Distorted Output. A low or distorted output 
can also be caused by a defect in nearly any component 
in the circuit. Check for the proper amplitude of each 
input signal on the grid of tube V1 with an oscillo- 
scope. If low, determine whether it is low due to a 
defective oscillator or audio stage, or if it is a 
defect in the modulator circuit itself. If localized 
to the modulator, check transformer T] continuity and re- 
sistors Rl and R3 with an ohmmeter. Check C2 for proper 
value with on in-circuit capacitor checker. Check 4 for 
value. Check plate voltege and determine whether cr not 
the power supply is defective. Check C3 and C4 with an 
in-circuit capacitor checker, and check the continuity of L 
with an ohmmeter. 


PHASITRON MODULATOR. 


APPLICATION. 

The phasitron is used in transmitters to vary the fre- 
quency of an r-f signal in accordance with the intelligence 
to be transmitted. 


CHARACTERISTICS. 

Utilizes c special pnasitron tube. 

Carrier frequency ‘s supplied by a crystal controlled 
oscillator. 

Has a high sicna!-to-noise ratic. 

Operates Class A". 

Frequency stability is excellent. 

Output modulction prosortioncl to doth amplitude anc 
the frequency of the audio modulation. 
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CIRCUIT ANALYSIS. 

General. phasitr 
modulator through the us! : 
phasitron tube. Tre corrier fre 
crystal controlled oscil 
splitting network to the t 
inductively to the wube throu; 
outside of the tube, and 
and frequency meduls' 

Circuit Operation. A schemstic ciagram. ci a Phesitron 
is illustrated below. 


ougn ¢ phase 
is sppiied 
aro: 


Phasitron Modulator, 


Before attempting to understand the operation of the 
phasitron circuit, a basic understanding of the special tube 
utilized is essential. The illustration below shows the 
basic configuration of the structure cf anode number 1, 
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ANODE NO. 1 o 


Phasitron Anode Structure 
and Eleciron-Beam Configuration 
with no Potential Applied 
to Deflector Grids 
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ANODE NO. 


Phasitron Anode Structure 
and Electron-Beam Configuration 
with Potential Applied to 
Deflector Grids. 


Coli 


flelds developed: aroun 
crease the speed of rotation of the electron disc. By in~ 
creasing or decreasing the speed of rotation, the frequency 
at which the anode current increases or decrea char. és, 
and the output frequency is either increased or decreased. 
in actual etrenit operation, tne errrier fragiency re qnoli 
through transformer T]. The secondary of Tl, tovether with 


Cl, form a tan 


t 
Res 4 


ond C3, form a phase splitting network, ane the result is 


t 


that the signals applied te D2, C 
Aud Stats 
put cates i 
shiiting networks 1s ¢ constant pctential, tappea rem tne 
common point of RG und R10. Resistors R6, A7, RB, RS, 
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oscillator frequency, and it is to this frequency that the 
plate tank circuit is tuned, 

When modulation is applied to the coil surrounding the 
tube, a magnetic field is developed, and this field advances 
or delays the rate of phase change of the electron stream. 
Thus the phase of the output leads or lags the oscillator 
frequency by an omount which is proportional to the am- 
plitude and polarity of the modulation. The frequency cf the 
modulation determines the rate at which the electron disc ro- 
tates. When the speed of disc rotation is increased, the out- 
put tonk excitation frequency is higher, and when the speed 
of the disc rotation is decreased, the output frequency is 
lower. 

The overall result in the output is therefore a siqnal 
which changes in phase and frequency as the audio modula- 
tion varies in amplitude ond frequency. 


FAILURE ANALYSIS. 

No Qutput. A no output condition can be caused by a 
defective V1, and open RS, a shorted C] or C5, a defective 
Tl or T2, or a loss of the plate supply voltage. Check 
for the proper plate supply voltage with a voltmeter. Check 
both transformers with on ohmmeter. Check RS for value, 
and Cl and C5 for a possible shart with an in-circuit co- 
pacitor checker, Do not overlook the possibility of either 
of the tank circuits being misaligned. 

Low or Distorted Output. A low or distorted output 
can be caused ky a defect in any component in the 
circuit. Check for the proper value of plate supply 
voltage with a voltmeter. With an oscilloscope, check 
the presence of both the carrier and modulation inputs 
on their respective elements of the tube, as the ab- 
sence of either input wil! produce a distorted out- 
put. Check the alignment of both tank circuits. With an 
in-circuit capacitor checker, check the value of all capac- 
itors, especially for a distorted output condition. Check all 
resistors with an ohmmeter for proper value, and the trans- 
former for partial shorts. 
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FREQUENCY MODULATORS (FM). 

In frequency modulation, cn audio sicncl is used 1 si 
the frequency of an oscillator ct an audio rate. The rate at 
which the oscillctor chanzes its frequency ope upen tae 
trequency of the modulatin 
amount that the fr 
depends upon the ame 
illustrated below. 
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port B, the carrier frequency cnanges from the normal center 
frequency to nigher frequency, dack to Sey too lower 

frequency, and back to normal again 
vadauon i & 


amolitude of 
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mum frequen hye 
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aermatlas 


high trea acy noise. 
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modulation ng cifcuit 
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varictions, ‘Nise r Sotected 
oCe.vet is Tesponsive ony tO changes 
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BASIC REACTANCE-TUBE MODULATOR. 


APPLICATION. 
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nal. The polarity of the: aaeen iy determines the direction 
of the frequency snift; for in oseillater 
frequency for a positive seme, ond a decrease in fre- 
quency for a negative polarity. The rate at which this fre- 
quency deviction occurs is deter y the frequency of 
the audio modulation. 

Circuit Operation. A schematic diagram of a basic re- 

ctance tube modulator is illustrates below. 


AVAVAS I 


TO GRID OF 
OSCILLATOR 


Basic Reactence Tube Modulator 


V1 performs the function of the reactance tube, using 
cathode bias, supplied by RI and < LI] is en rf choke 
which acts as the plate load, md keeps the a-c component 
of plate current out of the power supply. Capacitor C2 ond 
resistor R2, in parallel with the oscillator tank circuit con- 
sisting of C3 cna L2, performs the function of a varicble 
reactance. C4 and C5 cre yrid and plate coupling capacitors, 
respectively. 

With no oucio signel applied to tne grid of V1, the orly 
voltage present across the C2, R2, network is the voltage 
across the oscillator tank circuit, C3 and L2. The values of 
C2 and R2 are chosen so that the reactance of C2 is large 
in comparison to the resistance of R2. This factor permits 
the capacitive reactance to be the current controlling com- 
ponent, and causes the voltage across it to lag the current 
through it by cporoximately 90 degrees. This same current 
flows through RZ and another voltage drop is produced : 
leads the applied voltage by 90 degrees. Actually, the cur- 
tent and voltage at the resistor are in phase, but since the 
current through the resistor leads the applied voltage {he 
cause of the capacitive reactance of C2), the voltage develoc- 
ed by this current also less the applied voltage by the same 
amount. Thereactance tube is effectively in shurt with the 
oscillator tank (C3 and 12 ‘ne phase shift network (C2 
and R2), Capacitor C5 allows the a-c component of current 
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to pass thircugn it ¢ e the d-c 
plate veltage fr ‘ne tank. 


®p 


Relotionships of Currents and Voltage with no 
Modulation Inputs 


Voltage ep is the alternating component of the plate to 
ground voltage which appears simulteneously across the 
redctance tube, the phase-shift network, and the oscillator 
tank circuit. The reactance tube recsives its a-c qrid- 
input voltage, eg, across R2. This voltage is the voltaae 
drop across R, and is in phase with the plate current ip end 
the grid current, ig. This relationsnip is characteristic of 
amplifier tubes. 

Since both ip and ig are in phase with eg, and since eg 
leads ep by approximately 90 degrees, ip and ig also lead 
ep by 90 degrees. Both of these currents are supplied by 
the oscillator tank circuit, and since they lead the tank 
voltage, they act like the current in a capacitor. Thus the 
injection of these currents inte the tenk circuit ac 
the same effect as placing a cepacitor across the oscillator 
tonk circuit. The frequency of the tank in this case is, 
therefore, decreased. With no audio modulation input, this 
frequency is the operating, or center frequency of the 
modulator. 

Consider now the application of audio medulation to 
the grid of the tube. It is important to keep in mind that 
we are not speaking of actual capacitive reactance or capac- 
itance changes. Our concern here is an effective capaci-~ 
tance produced by the leading currents in the R2, C2, com- 
bination. If the signal applied on the grid of V1 increases 
in a positive direction, the plate current of V1 also increases, 
and since this current is on effective capacitance shunt 
across the oscillator tank circuit, the frequency of the 
oscillator is decreased. Conversely, when the grid signal 
shifts in a negative direction under audio modulatien, V1 
plate current decreases, and since this current is an ef- 
fective reduction in capacitance across (shunting) tne oscil- 
lator tank circuit, the frequency of the oscillator is increased. 
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Tne frequency of th. ation does not cctually 
affect the frequency of tre cutput. Its only effect is trat it 
determines the number cf times per second that the oscil- 
lator changes its frequency. The amount ond direction of 
the frequency change is determined solely ¢ y BY the amp. 
and the polarity of on input. Theat is, a positive 
signal causes cn increase oj irequency, while a nesative 
signal causes a decrease in frequency. Likewise, a larger 
omplituce signal causes a« 
smaller amplitude signal. 

Cireuit Varictions. There are several circuit variations 
of the basic reactance tube modulator, but most of these 


varia are only differences in the arp 


phase shifting circuit (the R2, C2, 
vious auaele 2) The ill ot 

lols “Treas 
circuit variations cause the phase shift to be either induc- 
live or capacitive. There is no particular advantage to any 
one of them over any of the otners. 
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phase with the grid vcltage. Thisr-f current is coupled ts 
theoscillator tank and since it is in phase with tne qrid 
voltage, it must lag the current in the tan: 90 degrees. 
This produces the same result as injecting in 
the tank circuit. 

Py pape tay Bt a smi i in 


e tank circ: 


a current to flow whose mds controlled By the ee 

resistance of R. This current is in phese with the applied 
voltage, since R is large witn respect to L. Since 
leadsutt it by 90 degrees, 
ttage by 96 


ul the reactance tho, 


in phase with the grid 


t to the secillat 


voltage and $U deqrees ieading i 
tank voltase. Tre gia is, 


therciere, 
capacitance inte ihe t 
creased. 

By the same token, the reversing of R and Ls 
the same resul HES incuctance ints the t t 
cuit as shown in part OD of the figure. Tne inductive re- 
actance of L, of course, must pe large in Somperisen to the 
Tesistonce ot R. The r-f voltage f 
Gifcult Galiees acurrest tetlaw anions) 
lags the applied voltage by SG degrees. This vol Be fe 
is applied to the gric of the reactance tube, sroducing an 
t-f plate current which is lagging the current in the tank cir- 
cuit by a degrees, producing the effect of i i 


FAILURE ANALYSIS. 
No Output. An oper cr shorted L2, an open or shorted 
C3, or an open C4 are the only components thet can cause 


ano cutput condition to 


C3 and C4 for value ¥ 
Unmedulated Output. The. absence of plate voltage, on 
open L], and open C5, an open RB, on cpen C2 or R2, or a 
defective V1, can cause an unmodulated output condition 
toexist. Check for the presence of plate voltage with a 
voltmeter, Check Li for continuity and C5 for an open 
or short with an chmmeter. Also check Rl and R2 for 
proper value, and C2 for an open of short with an chmmeter. 
If a modulated ouppitt is not restored, check al] capacitors 
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CIRCUIT ANALYSIS. 

General. The purpose ci the moduletor stage is to con- 
vert an audio signal inte a radio frecuency containing te 
audio intelligence. In the ced reactance tube modulater, 
two tubes are used to crange tre rescnant frequency of an 
oscillator by an amount properticnal to the amplitude of the 
modulating sigrcl. The polarity cf tre modulation deter- 
mines the direction of the frequency srift, for example, an 
increase in oscillater frequency fer a positive polarity, and 
a decrease in frequency for a negative polarity. The rate 
at which this frequency deviation occurs is determined by 
the frequency of the audio modul 

Circuit Operation, A schematic diagram of a talenced 
reactance tube modulator is showr accompanyin3 
illustration. 


ca 
VU To 
OSCILLATOR 
GRID 
uw 
INPUT 
C32 


Balanced Reactance Tube Modulator. 


V1 perfor he functior. of one of the reactanre tubes, 
and operates in conjuction 
€1 and Ri form a cathode bias - 
both of the tubes. Li ani L3 3 
plate loads for the tubes, 
plate current cut of tre power 
tion, together with the C+-R2 c 
with the oscillater tar 
form the function of 2 varias 
are grid and piate > 

Circuit operatior 
and discussed x 
sists:of VI, Li; G7; B2,e6a 22; 
consists of V2, L3, C5, R3, ond 
ponents sre common. to both of 


fh ect as 


ecilel 
L2 ani C3, per- 


7 2S; GACT, 
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le the other circuit 


CHANGE 2 


MODULATION FM 


0967-000-0120 


We stall fir: 
sisting cf V1 an its 
audio signal spe 
Present across the CZ: 
oscilletoz tenx cireyit. The velu 
so thet the reactance of C2 is large in comp 
resistance of R2. This facior permits the capacitive 
actance tc be the current controlling component, and cc: 
the voltace 
mately 90 
ond another volicje ace is produc 
voltage by 90 degrees. A 
at the resistor are in pra. 
the resistor leads tne app! cause of the 
capacitive reactance cf C2), the veltage develope. by this 
current also leads the sovlie volt by the same cmount. 
The reactance tube, V1, is effectively in 
oscillator tank an-! the phase it network. Capac 
allows the a-c component of + to pass throudh it, and 
at the same time, vlocks the dec clate voltage from the 
phose-shift circuit ang the tank. 

The relaticaship oi currents and the veltases in the 
circuit can be best expicinea through the use of a vector 
diagram, as iilustrated be.cw. 


ne 


Relationship of Currents and voltages with no 
Modulation Input. 


chtage ép is the clternctins component oj the plate to 
ground voitese «nich appeots simultaneously across the 
reactence tube, the chase-shift netwerx, and the oscillator 
tank circuit. The react tude receives its a-c grids 
input voltage, cg, a Fig. lteqe is the veltage 
drop across Rg ond is in oF piste current ip 
and the grid curzert, ig, This selatiorship is characteri 
of amplifier tunes. 


14-A-64 


ELECTRONIC CIRCUITS NAVSHIPS 


Since both ip and ie are in phase with eg, and since 
@q leads ep by approximately 90 <earees, ip and ig also 
lead ep by 90 degre: Bots cf these currents cre supplies 
by the oscillator tank circuit, an¢ since 
voltage, they are actirs like ihe © current in o capacitor. 
Thus the injection of » Currents inte the tank circuit 
accomplishes the tds piacing a capacitor across 
the oscillator tenk circuit. The frequency of the tank in 
this case is therefore decreased. With no audio mod:lation 
input, this frequency @ cperaung, or center irequency 
of the moculator 

Consider now tn 
grid of the tube. It 


griciol thi 


ney lead the tank 


w 


are not speaxi 


fea 
tance changes. 


tance produces b 
tion. If the 
a positive direction, 


cee 
ana 


ti. is 

across the oscillator tank circuit, the 
lator is decreased. Conversely, wher. thé crid 
in a negative direction under audic modujation, V1 pote 
current decreases, and since this current is or. effective 
capacitance across (shunting) the oscilistor tank circuit, 

the frequency cf the oscillator is increased. 

Before attempting tc explain the operation of the circuit 
made up of ¥2, it should be pointed out that there are several 
minor circuit variations of the previously discussed circuit. 
Most of these variations concem differences in the phase 
shiftinacircuit (the R2-C2 combination in the previous 


Ge 


cause the phase shift to be either i inductive or capacitive. 
There is no perticuler a s one cf them cver 
any of the others. 

Part A of the figurehas been explained in the previous 
discussion. In part B of the figure, R and C are connected 


in the oppo i 
so that the resistence of Ris feed in comparison to the 

reactance of C. ERs is the manner in which operation of 
V2 yet to be explaine: 
component isso much 
plate load by the tank c 


phase 
phess 


a, ab 


Since the 
voltaze appl 


the current to be 


leads the copplied vol 127 by 90 4: do: 
on therefore, | tags: beth 


by 90 


hae 
phas 
tank Ly 
injecting 


find: Pius tet Saat ieSual GS 


inte the tank cursnit, 


mall inductor ir the plese of capa 


fective capacitence into the tank it. The oscillctor 
voltage applied across the plate load of the reactance tube 
couses a current flow whose phase mntrolled by the 


phase with the 
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Circuit Variations 


appl ied voltage, since E is lorje with respect to L. Since 
the veltage across L leads the current through it by 9D 
deqree, this voltage aiso leads the applied voltage by 90 
dearees. This voltage is couDlec to the arid of the react+ 


7 Aon 14 plote current flows which a 
ance tube, and on ti plate current flows which is in phase 


with the grid voltage and 90 degrees leading in respect 

to the oscillator tank voltage. The effect is, therefore, the 
same as injecting capacitance into the tank circuit, and the 
frequency is decreased. 

By the same toker,, the reversing of R ond L produces 
the same resuit as injecting mauctance inte the tank circult, 
as shown in part D of the figure. Tne inductive reactance 
of L, of eects I must de large in COMPINSER to piss resists 
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coer i a Tae 


gu secaes producing tne effect ot injectuund incuctance into 
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By referring to the illus 
seen thet this type of 
duces the effect o! incuctance ir par 
circuit. It should be 
current in tne firs 
Citive reactance injected into * 
lator frequency oe 
reactance 1s gecrea 
and thus produces an increase in the ose 
Now let us see what occurs when both circuits are sence 
as shown, and an audic siqne: is apclied to ine wransfermer 
th 

When the input sian 
Positive, and the grid of V2 is neactive, the iolle 
action results. The negative signal on the gric 
V2 into cut-off, and a further neqstive increcse 
further change. V1, however, conducts c arecter as tie 
signal on the grid beco:nes ‘core positive, and thus additional 
capacitive reactance is injected inte tne oscillator tank 
circuit, resulting in a decreasing frequency. As the sicncl 
on the grid reaches its positive peak, ané besirs decre 
towards zero, the oscillator frequency begins increasing, 
and when tne grid is returned to zero, the oseillster is 
again at the center frequency. The signal now continues in 
a negative direction and V1 is driven inte cut-off. V2, the 
grid of wnich is connected to the oppesite end of Tl, is now 
brought into conduction, and begins to infect on inductive 
teactance into the tank circuit, resulting in an increcsing 
frequency. As the signal on the arid reaches its positive 
peak, and begins decreasing towards zero, the osci‘iator 
frequency begins decreasing ond as the signal reaches 
the oscillctor is aqgin at the ceater frequency. The 
result of one cycle of audio modulctior is illustrated be! 

Thus, it can be seen that the frequency cf the audic Ohmmeter, 
modulation does not actuclly nave an effect on t 
of the output. The only effect is that it deter: 
number of tim * the cscillator chanzes its 
frequency. The ar:ount cnd direction oi the frequency crarge 
is determines by the amplitude ant the polerity ci tiemod- 
ulation input. 


e in plate 
> the capa- 


tre oscil- 


f that the arié ci V1 is 


FAILURE ANALYSIS. 

No Output. An oper. or shorted L2, an cpen er shorted 
C3, or an open C4 are the only components thet can couse 
a no-output condition to exist. Check L2 fer continuity anc 
C3 and C4 for value with an in-cireuit apace a 

Distorted or Unmodulated Output. A defective ¥] or 
V2,a defective Tl, an open or shorted L1 or L3, an open or 
shorted CZ or C5, or an open R2 or R3 can cause a distorted 
Output condition to exist. With on ohmmeter, check the 
continuity of L1 and L3, and check RZ and R3 for orover 
value. Also check C2, C5, C5, an C7 for opens or shorts 
with an chmmeter. Check transformer Tl for continuity, os 
one half of the seconcary may be open. If c distorted output 
still exists, check all ccpacitors with an in-circuit cepa- 
citer checker. 

An unmodulated output can be caused by c defective Tl, 
an open or shorted Rl, or an open or shorted Cl. With on 
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PULSE MODULATORS. 

Radio frequency energy in radar is transmitted in 
pulsee whose time duration may vary from ] to 50 micro- 
seconds or more. If the transmitter is turned off before the 
teflected energy retums from the target, the receiver can 
distin-mish between the transmitted pulse and 
pulse. Alter ali reflections nave retumed, tie 
can again be turned on and the proce: x 
teceivér Output is apolied te on indicate: which measures 
tne time interval between the transmission of enerqy end its 
return as d reflection. Since the energy travels at a constant 
velocity, the time interval becomes a mecsure of the 
traveled (range). Since this method does : 
relative frequency of the returned siqral or 
ot the target, difficulties experienced in > 
Sit ASL CHCoUNteted. “We pulse saodulauon metica 1s usec 
in practically all military ont naval app! 

Since most radar osc cillaters operate at pulse voltages 
between 5 Kv and 20 Kv, and require currents of sev: 
amperes during the puisc, the requirements of the mod 
are quite severe. The function of the high-vacuum tube 
modulator is to act as 9 switch to turn ¢ pulse on and off 
at the transmitter in response to a contro! signal. The best 
device for this purpose is one which requires the least sig- 
nal power for control and whic 


from the tronsmitter power source 


leas: st loss. The pulse arodolsae circu 


SPARK GAP MODULATOR. 


APPLICATION. 
The spark qap Senator is us 
to generate the pulser which contro: 


transmitter. 


CHARACTERISTICS. 
Capable of tundling high peak current and voitege. 
Generated pulses have high peuk power. 
Generated pulses have low average power. 
Generated pulses have a specific repetition rate. 
Generated pulses have controlled duration and 
Output pulse is somewhat erratic in timing 


CIRCUIT ANALYSIS. 


General. Different types of puls 


storage circuit, a pulse transformer, 
The circuit fur SLOMAN eneruy 1s & 
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discharge of the pulse forming line. The rotary gap is 
similar to a mechanically driven switch. 

Circuit Operation. A typical fixed spark gap modulator 
circuit is shown in the accompanying illustration. 


PULSE- FORMING LINE 
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Fixed Spark Gop Modulator Circuit 


Between triager pulses the spark gap is an open circuit, 
and current flows through the pulse transformer T1, the 
pulse forming line L2, the diode V1, and inductor L] to the 
Piute supply voitaqe Ehp. These components form the 
charging circuit for the pulse forming line, and the entire 
circuit may be reduced to a series resonant circuit as shown 
in the accompanying illustration. 
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Equivalent Pulsethodulator Circuits, With Woveforms 


The impedance of the primary of T] is neqligible as far 
iuy cicuii is Concemed, the inductance of the 
g jine may be considered to be short circuited 
w charging rate, and the diode, when 
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conducting, is effectively a short circuit; therefore, these 
components are omitted from the figure. In effect, then, the 
total capacitance (Ct) of the pulse forming line is in series 
with the inductor L1 across the power supply. Assuming that 
diode V1] and the spark yap werenat present, this circuit 
when shock-excited by the sudden application of voltage 
would produce a domped-wave oscillation. On the first peck, 
the voltage across the entire pulse forming line epproaches 
twice the value of the supply voltage as shown in the illus- 
tration, and at this time the current in the inductor L] is 
zero since the diode stops conducting at full charge. As the 
peak voltage is reached, the spark gap is triggered by a 
synchronous separate trigger placing the pulse-forming net- 
work in series with the primary of T] to ground. At this 
time approximately half the voltage (Eps) appears across 
the pulse-forming network (PFN) and the other half appears 
across Tl, since the network impedance is equal to that of 
Tl in this instance because of the rapidity of discharge. 
The action of the pulse-forming line is such as to cause 
voltage Eps to continue at the same amplitude until the 
complete discharge of the circuit by a time interval depending 
upon twice its delay period. Tne waveforms and time 
relationships of the circuit action are shown in the illustro- 
tion. The pulse waveform is coupled through transformer 
Tl to the magnetron. 

The spark gap is actually triggered (ionized) by the 
combined action of the charging voltage ccross the pulse 
forming line and the trigger pulse. The air between the 
trigger-pulse injection point and ground is ionized by the 
trigger voltage, and this in tum initiates the ionization of 
the complete gap by the charging voltage. 

Coincidence between the peak of the voltage swing 
across Ct and the trigger pulse used to fire the spark gap 
is required, in order thet maximum power output may be 
obtained from the circuit. In order to ensure correct timing 
diode V] is used and the design of the charging circuit is 
such that its resonant frequency is higher than half the 
tepetition rate of the spark~qap trigger pulse. Since the 
diode is nonconductive when maximum charge is reached on 
Ct, the maximum charge is retained until the spark gap is 
triggered. 

Inductor L1 prevents current surge through V1 when 
the spark gap is triggered. Where humidity or pressure 
may affect the ionization of the spark gap, it is enclosed 
in a sealed container. 

fn some circuits a resistor and capacitor in series are 
connected across the primary of Tl. The function of these 
components is to eliminate the spike (sometimes encountered 
on the magnetron pulse) which is caused by delay between 
the time the pulse is presented to the magnetron and the 
time the magnetron conducts. 


FAILURE ANALYSIS. 

No Output. A no output condition can be caused by one 
of the following; an open Li, a defective V1, an open L2, 
ora defective T]. Determine thet the plate supply voltage 
(Ebb) and the trigger pulse are present. If they are not 
present, the trouble is in the preceding stages and the cir- 
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cuit is probably not at fault. If the plate supply voltage is 
not present on the anode of V1, Li is defective. If plate 
voltage is present on the anode of V1 and no output appears, 
the tube is defective. Check L2 and the windings of T] 
with on ohmmeter for an open or short. 

Low Output. A lov output can be caused by a low plate: 
supply voltage, c weck V1, leaky or shorted capacitors, 
shorted windings on Li, 1.2, or transformer Tl. Check the 
plate supply voltage with a VTVM, if it is not the proper 
value the trouble is in the rreceding stages and the :nod- 
ulator circuit is probably not at fault. Check the capaci- 
tors in the circuit with an in-circuit capacitor checker. 
Inductors L1 and L2 and transformer T1 can be checked 
with an ohmmeter for shorted tums. 

Distorted Output. A distorted output could occur if the 
pulse-forming line had shorted or !eaky capacitors or if the 
inductor windings became shorted or open. Check the capa- 
citors with a capacitance cheker and the inductor for 
continuity with an ohmmeter. 


THYRATRON (GAS-TUBE) MODULATOR. 


APPLICATION. 

The thyratron modulater is used in radar equipment to 
generate the pulse whicn controls the operation of the 
transmitter. 


CHARACTERISTICS. 
Possesses neavy current handling capacity. 
Is relatively independent of ambient temperatures. 
Has positive ric co: 
Has staple ti: 
Can be triqaered c low amplitude pulse. 
Operates cver c wide ranae of anode voltages without 
teadjustment. 


CIRCUIT ANALYSIS 


General, The hyc 


hyratron is a versatile elec- 
tronic switch ‘w7 4 positive trigaer of only 150 
volts of 10C volts per microsecond. In 
contras es, the kydrogen thyratron operates 
¢ ar.cde voltayes and repetition rates. 

Its grid hes complete contre! of initiation of cathoce emission 
over a Wi e cf voltages. The anode is completely 
shielded from the cathcde by the grid. Thus, effective grid 
action sesults in very smooth firing over a wide range of 
anode voltages and repetition frequencies. Unlike most 
other thyratrons, the positive grid control characteristic 
ensures stable operation. in addition, the deionization time 
is reduced by usinz the nydrogen filled tube. This makes 
the performance of the tube relatively independent of am- 
bient temperature so felse triggering is avoi 

The hydroa rcatron modulator prov: improved 
timing because the syncnronized tiqger pulse is applied to 
the control grid of the thyratron and instantaneous firing 
is obtained. In addition, only one gas tube is required to 
discharge the pulse forming line, and a low amplitude trigger 
pulse is sufficient to initicte discharge. A camping diode 
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is used to prevent breakdown of the thyratron by reverse 
ar eae transients. The ee requires, for c dri 
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Typical Thyratron Gas Tube Modulator Circuit 


3) isa charging inductance, t 
of damping diode V1, current lrwting ig 
together with r-f bypass capaciter Cl, the plate 
of V2 at yround levei during each neqative nalf cycle of oper- 
ation, thus eliminating the possibility of o peautive overshoot 
and the production ot damped, oscillations. inductor L2 with 
capacitors C2, C3, C4 and C5 fore. te puiserorsing line 
which develops ond shapes the output pulse. Transformer 
Tl coupies the shaped puise output of the circuit inductively 


to the maanctron 


With no triqqer 
on, the tntse torrets 
Tl, the pulse toi 


Power supiehe vs 


acts iike aclo 
the prithary ot 
to ground, throug V2, As 
forming network cischar: 
level of the thyratron tube, the tube = 
a switch. However, there 
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discharge voltage to swing negative as it is abruptly stopped 
ond cause neggtive cvershoct because of the inductive pro- 
Perties of the discharging circuit. This negative overshoot 
is prevented irom atfecting tne output of the circuit by the 
insertion ot dampiry diode V1 and the dampingcircuit con- 
sisting of Rl, R2, ond Cl. This tampingcircuit provides 

a path for the overshoot transient through VJ, and it is dis- 
sipated by Rl, and R2. Ci is anigh frequency bypass to 
ground to preserve the sharp leading and trailing edge of the 
rectangularly shaped pulse. 


FAILURE ANALYSIS. 

No Output. The followin 
condition, Low plate 
choke Li, ut pulse-iort 


efects can cause c no-output 
‘altane, an esen charging 

g inne cnoke Lz, the windings of 
Ti being shorted or 9 ve tube V2, cr a trigger 
pulse of insufficient voltage to ionize V2. 

Check the olate supply voltae, é 
trouble is probably in the power i ana the modulator 
circuit is probably not at fault. 'f plate bees: is normal, 
check the voltage on the cathode of V1. If no voltage is 
present, L1 is open. 

If no voltage is present on the primary of TL, pulse- 
forming line inductor L2 is open. 

Make a point to point check with J-c voltmeter (make cer- 
tain you observe all high-voltage safety requlations) for the 
proper voltages in the charging circuit. Should no voltage 
be present at any of the points, the component or compo- 
nents associated with’ that portion of the circuit is defective; 
check the inductors with an ohmreter fhe careful ta use a 
shorting stick to makr: certain the Line is discharqed) and the 
capacitors with an in-circuit capacitor checker. With an 
oscilloscope, check for the proper trigger pulse (both am- 
plitude and repetition rate). 

Low Output. Apeuliielent plate voltage, an improper 
: ailwork, Wr 


hes 


a 
Tinga, the 


q 


trigger pulse, ¢ dofoctis 


defective magnatron transtormes, 1, can cause a low output, 
Use an ohmmeter for checking the inductors and transtormer 
Tl (make certain the pulse network is discharged first), 

and an in-circuit capacitor cnecker for checking the capac- 
itors in the pulse-forming line. 

Distorted Output. With the prover triqaer siane! and 
plate supply voltaye, a distorted output can be caused by 
shorted turns on inductors [.], and 1.2 or on th fe 
Ti. Use on ohmmet per values, 
forming line componer 
output IG net 
wilh: an ornmemeter cnc an mn< 
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HARD-TUBE MODULATOR. 
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CHARACTERISTICS. 

Needs a shaped high-voltage pulse for operation. 

Biased to cutoff. 

Has gain of about 10. 


CIRCUIT ANALYSIS. 

General, The hard-tube pulse modulator operates as ar 
amplifier tube with a gain of about 10. The modulator tube 
is normally biased to cutoff. The application of a positive 
pulse of about 1300 volts to the grid is necessary to over- 
come the bias, causing V1 to conduct and dropping the 
plate-to-cothode potential from the plate supply value 
established by the cutoff condition. Because of the large 
resistance of the plate load resistor, the negctive volta 
pulse developed by this action is effectively applied to the 
output transformer and the modulator tube in series. Since 
the impedance of the modulator tube is about one-tenth thet 
of the output transformer, about nine-tenths of the voltage 
pulse appears across the output transformer. The time 
between pulses is known as the charging time. A dompina 
diode is in the circuit to damp out the oscillations produceé 
by a negative overshoot when the positive pulse applied 
to the grid of the modulator is terminated. The damping is 
accomplished on the first oscillatory swing by sncrtin9 it 
to ground (the negative pulse on the cathode causes the 
diode to conduct). 

Circuit Operation, The schematic of a typical harc-tube 
modulator is shown in the accompanying illustration. 
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Typical Hard-Tube Pulse Modulator 


V1 is the modulator tube, Rl is the screen voltage drop- 
ping resistor, and R2 is the plate load resistor for V1. 
Capacitor C] couples the output of the modulator to output 
transformer T]. Tube V2 is the damping diode, and T] is the 
step-up output (magnetron) transformer. 

With no triqger pulse applied from the driver, couplina 
capacitor C] charges to the plate supply voltage throuch the 
primary of Tl, R2, the power supply ond ground. Tube Vi 
is biased at cutoff and the plate-to-cathode potentic! is 
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established by the cutoff condition. A synchronized triqger 
pulse from the driver circuit is applied to the grid of V1] 
taking the tube out of cutoff and causing it to conduct. 
This is similar to closing a switch, and provides 9 path for 
Cl to discharge through both the primary of Tl and V1 to 
qround. This discharge occurs only for the duration of the 
trigger pulse applied to the grid of V]. When the trigger 
pulse terminates, the modulator is again cutoff and the 
magnetic field in the primary of T] collapses, causing a 
reverse flow of electrons in the circuit. This reverse flow 
of electrons is prevented from causing negotive oscillations 
by diode V2, which conducts as soon as the plate qoes in 

a positive direction (when a negative pulse appears on the 
cathode). Thus, diode V2 dampens any oscillations which 
would effect the output pulse of the modulator circuit. 


FAILURE ANALYSIS. 

No Output. Should plate load resistor R2 open, coupling 
capacitor C] open, damping diode V2 short, or the windings 
of transformer T1 be open or shorted, no output would appear 
on the secondary winding of Tl. First check for plate supply 
voltage at the source. If the supply voltage is present, a 
drop should appear across R1, At the junction of R2, Cl, 
if no voltage is present, R2 is open. Check the windings 
of T] for continuity or o short, with an ohmmeter. 

Low Output. An incorrect plate or screen supply volt- 
age, a weak V1, shorted tums on transformer T1, or any of 
the components in the circuit changing value could cause a 
low output. Check all supply voltages and the trigger 
voltage from the driver. If any of these voltages are in- 
correct, the trouble is in that stage and the modulator cir- 
cuit is probably not at fault. Check screen and plate load 
resistors Rl and R2, respectively, with an ohmmeter. Check 
coupling capacitor Cl with an in-circuit capacitor checker, 
and transformer Tl with an ohmmeter. 

Distorted Output. Distortion can occur from any of the 
following: on improper trigger pulse, a change in screen 
or plate supply voltage, a defective V1 or T], a leaky 
coupling copacitor ©], or load resistors Rl or R2 changing 
value. If the driver output pulse applied to the grid of the 
modulator is not the proper pulse repetition rate or amplitude, 
the trouble is in the preceeding stages and the modulator is 
probably not at fault. If the screen ond plate voltages are 
correct, and the output is still distorted, determine that Cl 


is not leaky by using an in-circuit capacitor checker. De- 


termine that load resistors Rl and R2 are the correct value 
and that output transformer Tl has no shorted windings. 
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PART 8. SEMICONDUCTOR CIRCUITS 
AMPLITUDE MODULATION (AM). 


Modulation, in general, is the process by which the 
amplitude, phase, or frequency of a carrier is modified in 
accordance with the characteristics of another signal. Only 
amplitude-modulation circuits will be discussed here. Fre- 
quency-modulation and phase-modulation circuits will be 
discussed later in this section. Amplitude modulation is 
defined as the process whereby the amplitude of the carrier 
is modified in accordance with the characteristics of another 
signal. It is essentially a heterodyning process, with the 
tesultant modulated waveshape containing both the original 
carrier frequency , the modulation frequencies, and their sum 
anu difference frequencies (the sidepands). Since the car- 
tier component undergoes no change, the modulated wave 
contains more power than before and the intelligence is 
contained in the sidebands. Since the carrier contains no 
intelligence, suppressed-carrier modulation is possible. 
This is the form of modulation used for single-sideband 
operation, which will also be discussed separately later in 
this section. 

The discussion of amplitude modulation under Part A, 
Electron Tubes, in this section is generally applicable to 
the semiconductor modulator circuit. However, although the 
same general conditions must be fulfilled to achieve ampli- 
tude modulation, the semiconductor operates at a much lower 
power level than the electron tube; also since it is a low- 
impedance device, it operates on the principle of current 
gain or variation. Thus, instead of speaking of varying 
the voltage from zero to twice normal to achieve 100-percent 
modulation, the genera! practice is to speck of varying the 
transistor gain to achieve modulation, (This is similar to 
control grid modulation.) 

Since the gain of a transistor is dependent upon the 
vol! ages, applied to its electrodes, it is evident that chang- 
ing the d-c bias or the a-c signai to any cne of its three 
terminals will produce a corresponding change in gain. 
Therefore, it is possibie to produce AM modulation of a 
transistor by any of three basic methods, namely, base in- 
jection, emitter injection, or collector injection, Each of 
these basic circuits are discussed separately later in this 
section, 

At present, semiconductor modulators operate aver a 
pared w. 


relatively low power range as c: 
relatively low power range as c! 


elec- 


tron-tube modulators. In themajority of applications they 
are operated over a range of milliwatts, with the range of 
trom 1 to 10U watts representing special and high-power 
applications. As high-powered r-f and audio transistors are 
developed, this power range will be extended so that it 
will be more comparable to that of the electron tube. 
Although it operctes at low power levels, the pe: r 
ance ot the transistor modulator is approximately equal to 
that of the vacuum-tube modulator as far as fidelity ond 
ef ficiency are concerned. Their small size, riqqedness, 
and economy of power comsumption make them particularly 
useiul as low-power modulators for small portable and 
mobile equipments, 
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BASE-INJECTION MODULATOR. 


APPLICATION. 

The base-injection modulator is used to produce low- 
level modulation in equipment operating at very low power 
levels, It is particularly well suited for small portable 
transmitters, such as walkie-talkies, and for test equipment. 


CHARACTERISTICS. 

Operates by varying the base bias at the modulating 
frequency. 

Is restricted to low-level, small-signal operation. 

Uses common emitter configuration. 

Modulating signal amplitude is limited to less than that 
of the base bias voltage. 


CIRCUIT ANALYSIS. 

General. The base-injection semiconductor modulator 
is analogous to the control-grid modulator in electron-tube 
circuits. The operating conditions, however, are entirely 
different. For example, since the semiconductor operates 
as a true low-level! device under smatl-signal conditions, 
the voltage required to produce the modulation is also very 
small. This means that very little modulator power is re- 
quired, much less than for comparable vacuum-tube opera- 
tion. Likewise, since the transistor is operating under 
small-signal conditions, the r-f input (drive) is also small. 
Under these conditions, operation is usually class A or 
class AB. If operation is extended into the class B or C 
regions, it becomes large-signal operation. When operated 
large-signal fashion, the rectified r-f drive signal deter- 
mines the operating bias and considerabie distortion is 
produced by the non-linear transistor response character- 
istic for large signals. Because of these conditions such 
operation is seldom used, except for special applications; 
therefore, it will not be further discussed in this technical 
manuel. 

Base injection can be accomplished by a number of 
different methods. For example, it may be accomplished by 
feeding the signal either in series with the base-emitter 
circuit or in parallel with it, and can be accomplished by 
capacitive coupling or through means of transformers. Each 
of these methods will be considered in the following discus- 
sion. 

Circuit Operotion. Amplitude modulation by base in- 
jection (or emitter injection) depends upon a widely sepa- 
cated t-f frequency and modulation (audio) frequency. There 
are two basic ¢ s involved, namely, the r-f amplit T 
cir it and the goin co t 
schematic of the basic r-f amplifier is shown in the aecompe- 
eying figure, For simplicity, the rf amplifier circuit is 
slown without bias supplies, and with a resistive load in 
place of the tank circuit. It is assumed that normal forward 
bias is applied So the base-emitter junction, and that a re- 


ted 
plied to the collector junction. The second- 


verse bi 
ary of Tl is effectively connected across the base-emitter 
Junction, and the luad is connecied between emitter and 
collector as shown. With normal class A bias applied, the 
t-f signal will vary the base voltage equally above and 


below the operating point assuming a 
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Simplified R-F Amplifier Circuit 


larger (amplified) collector current will flow through the 
load resistor, developing an oppositely polarized output 
voltage. This is the action of a conventional r-f amplifier 
circuit. 

Consider now the method by which modulation is accom- 
plished in the bias circuit, using the accompanying simpli- 
fied schematic. For simplicity this circuit is also shown 


Wr 


OUTPUT 


Simplified Modulator Circuit 


without bias supplies and with a load resistor in place of 
the tank circuit. It is assumed that normal forward bias is 
supplied to the base-emitter junction, and that a reverse 
bias is applied to the collector junction. The modulation 
is injected across Rl, which is also the bias resistor, 
having a fixed d-c forward bias placed across it. Since the 
modulation signal is effectively connected in series with 
the base-emitter circuit, it adds to the bias when of the 
same polarity. When these voltages are of opposite polarity 
they cancel and reduce the total effective bias. Thus the 
bias on the transistor is made to vary instantaneously above 
and below the fixed d-c bias level in accordance with the 
modulation signal. 
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Assuming ¢ sinusoidal modulating signal, it is evident 
that the instantaneous bias will also vary sinusoidally. 
Since a change in bias will produce a change in gain, the 
instantaneous gain will also vary similorly. Consequently, 
the instantaneous amplification of the r-f carrier signal 
will vary in accordance with the modulation, but in an 
opposite directiun. (The common-emitter output polarity is 
opposite the input polarity.) For maximum modulation the 
a-f signal must be slightly greater than the r-f carrier in- 
put signal. To prevent distortion produced by driving the 
transistor to cutoff or into saturation , the modulation signal 
amplitude must never exceed the d-c bics value. 

A simplified schematic of the seties-feed method of 
base injection is shown in theaccompanying figure. For 
simplicity, the inputs are shown as r-f and a-f generators, 
and biasing voltages are not shown. As can be seen, the 
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Series Injection 


r-{ driver signal is connected in series with the a-f modulat- 
ing signal between base and ground. The d-c bias (not 
shown) is such as to bias the transistor for class A opera- 
tion. The bias value is chosen so that the quiescent col- 
lector current is set for half the maximum value. When the 
r-f input is applied, it adds to the base bias on the nega- 
tive excursions and reduces the base bias on the positive 
excursions. The collector current follows these sinusoidal 
variations of bias, producing a voltage drop across the 
tuned tonk (LC) in series with the collector. The tank is 
tuned to the driver frequency and is inductively coupled to 
the next r-f amplifier (or output circuit). Because of the 
gain through the transistor, the r-f drive signal is amplified. 
When the a-f modulating signal is applied, it alternately 
adds to and subtracts from the r-f drive signal applied to 
the base circuit (both r-f and a-f generators are series con- 
nected). The result of combining the r-f signal with the 
audio modulation signal has the total effect of increasing 
and decreasing the bias in accordance with the modulation 
signal amplitude. The changing bias varies the transistor 
gain in accordance with the modulation signal, and an 
amplified and modulated r-f output signal is obtained. This 
signal appears in the output as an r-f carrier with an 


4-8-2 


ELECTRONIC CIRCUITS NAVSHIPS 
envelope which is a replica of the original modulation 
signal. 

While either capacitance coupling or transformer coupl- 
ing may be used to inject the modulation signal, there is 
essentially no difference between them in the manner in 
which this base injection circuit operates. In the capacit- 
ance-coupling method the modulator is isolated by the 
capacitor (C1} from the d-c biasing circuit as shown in the 
following figure, and the modulation is applied across the 
base bias resistor (Rl) which also acts as the modulator 
load, Rl is bypassed for r-f by C2. With transformer coup!- 
ing either internal (contact) or emitter bias, or a combina- 
tion of both are used. Whereas with capacitive coupling 
fixed (voltage divider) bias is usually used. In either case 
C2 bypasses the r-f around the audio, completing the emit- 
ter-base circuit for rf. The two methods of coupling are 
illustrated below. Although not very prevalent, the paral- 
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Coupling Methods 


lel (shunt)-feed method of base injection may also be used; 
it is shown below in simplified form. Blocking capacitor 
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Cl is used to prevent r-f transformer Tl secondary from 
shorting the base bias and modulation signal to ground, 
through its very low secondary resistance. Likewise, the 
RFC is used to prevent the low-impedance secondary of 
modulation transformer T2 from shunting the r-f carrier 
signal to ground. Emitter bios and swamping are employed, 
using Re and Ce. The collector circuit is identical with 
the series injection circuit; it contains the tank and ouput 
coupling circuit. 

In the parallel-feed circuit, the bias is also caused to 
vary at the modulation rate. The difference is that since 
the two inputs are in parallel with each other, more modu- 
lation signal is required for full modulation. At low percent- 
ages of modulation (very small modulator inputs), a larger 
signal is also required in the parallel-feed circuit to pro- 
duce the same effect as in the series-feed circuit. The 
addition of the r-f choke also presents an additional problem, 
that is, avoiding unwanted resonances in equipment operat- 
ing over a large range of frequencies. Therefore, shunt 
injection is not very popular with designers. 

The circuit of a typical capacitance-coupled series~ 
feed base-injection modulator is shown in the following 
illustration. The r-f input is applied to the base of Q1 
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ntional class A amplifier, the r-f drive sign: 


Transformer 7 


C acting as the conve: 


has a tuned primary 
i tank ci 
ignal is developed. The secondary of 
is connected to the next amplifier stage or to a load 
{an antenna in special cases). Conventional emitter swamp- 
ing is empioyed, with resistor R3 serving as the swamp- 
ing resistor, bypassed by capacitor C3, Capacitor C3 is 
large enough to offer a low reactance to the lowest modu- 


lation frequency a7 ft and af are by 
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Only very slowly varying temperature changes produce a 
voltage change across R3. (See section 3, paragraph 3.4.2, 
BIAS STABILIZATION, for a discussion of the function of 
R3 and C3.) 

Consider now the base bias circuit consisting of Rl 
and R2, This is fixed bias with the resistors forming a 
voltage divider across the supply. (Refer to section 3, 
paragraph 3.4.1, BIAS CIRCUITS, for « discussion of this 
form of biasing.) The voltage appearing across Rl is the 
effective bias applied to the base of Q1 through the sec- 
ondary of r-f transformer Tl. Thus, the r-f input is applied 
in series with the d-c bias provided by Rl. However, 
capacitor C2 bypasses Rl to ground for rf and, together 
with C3, effectively connects the secondary of T] from 
base to emitter. As the r-f signal varies between positive 
and negative alternations, the emitter current varies similar- 
ly but oppositely (decreases on positive part of cycle and 
increases on negative part of cycle). The pulses of emitter 
current applied across the tank load (LC) produce an 
amplified sine wave of rf at the same frequency as the input. 

Consider now the effect of the modulating signal. Since 
the modulating signal is coupled through capacitor Cl, it 
appears as a varying a-f voltage across Rl. While C2 by- 
passes RI for rf, it is not large enough to bypass the a-f 
modulation. Therefore, since the a-f voltage is applied 
across Rl, between the bottom of the Tl secondary and 
ground, it is also effectively in series with thed-c bias 
voltage, and the bias is caused to vary at the modulation 
rate. As the bias changes under control of the modulating 
signal, the gain of the transistor is varied likewise. Since 
the transistor is not exactly linear in its bose-collector 
relationship, the carrier envelope will not be a linear 
replica of the modulation. It will be similar in shape, with 
the peaks and troughs occurring at the same time, but some- 
what distorted. A typical forward-transfer characteristic 
curve for the common-emitter circuit is shown in the follow- 
ing figure. Because of the rounding off at the higher cur- 
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rents, the effective limits of modulation are for values be- 
tween zero and about 92-percent modulation. Above this 
range the distortion tends to become excessive. Therefore, 
applications requiring full 100-percent modulation generally 
employ the collector-injection circuit, which will be dis- 
cussed later in this section. 
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While a resistive collector load has been assumed for 
ease of explanation in the simplified circuit discussions, 
in practice a tuned (L-C) tank circuit is necessary to 
select the proper output frequency. In every modulator 
there are sum and difference frequencies, and spurious fre- 
quencies are generated by the nonlinearity of the modulator 
(even in so-called linecr modulators). Therefore, it is 
necessary to select the desired output frequency. In this 
case it is the frequency of the r-f carrier plus the side- 
bands generated in the modulation process. 


FAILURE ANALYSIS. 

No Output. A defective transistor or open base circuit 
caused by o defective transformer or an open bias resistor, 
will prevent operation. Also, an open bias capacitor can 
produce cutoff bias through degeneration if the r-f drive and 
the resistance in the circuit are sufficient to block opera- 
tion. Either of these conditions can be detected by means 
of a resistance or continuity check with an chmmeter. An 
open-circuited emitter, possibly caused by a defective 
swamping resistor, (Re) will stop operation. An open-cir- 
cuited collector will also stop operation; this condition can 
result from an open tank coil or a defective soldered joint, 
causing an extremely high resistance. Checking the collec- 
tor voltage to ground will determine whether this circuit is 
open. Improper supply polarity will reverse the bias, stop 
operation, and most likely ruin the transistor. In most 
cases a simple resistance and continuity check combined 
with a voltage analysis, using a high-impedance voltohm- 
meter, will locate any of the no-output troubles. 

Low Output. Too low or too high a bias will cause 
clipping of the output signal, resulting in low output and 
distortion. For maximum modulation, the a-f signal must be 
slightly greater than the r-f carrier input signal. Therefore, 
lack of audio gain, a defective coupling capacitor (C1), or 
shorting of the a-f signal to ground through a shorted by- 
pass capacitor (C2) can cause loss of or low audio, and 
produce a low-output indication. The use of an oscillo- 
scope to check the waveform will indicate the point in the 
circuit where the waveform amplitude changes or is lost. 
Lack of sufficient r-f drive will also produce a low-output 
condition since the a-f functions merely to modulate the r-f 
carrier. A defective or mistuned tank circuit can cause a 
low-output condition since the maximum output is developed 
at the same frequency as that of the input (carrier). 

Where the modulation is present but r-f drive is lacking, 
no output will appear with normal a-f drive, since the col- 
lector load impedance (tank circuit) is too low to develop 
any audio voltage across it as it is tuned to the r-f signal. 

Distorted or Incorrect Output. Distortion will be caused 
by improper bias and collector voltage, or by excessive in- 
put signals. Collector voltage and bias can be checked 
with a high resistance voltmeter. The r-f signal must not 
exceed the d-c bias; otherwise, rectification of the rf 
will occur and change the bias, and, as a result, clipping 
will occur on the peaks of modulation. If the a-f modulation 
is not of sufficient amplitude, the peaks of modulation will 
also be lost and distortion will occur. In a similar manner, 
too great an a-f drive will send the collector current into 
the saturation region, the troughs (negative peaks) will be 
cut off, and distortion will result. The use of an oscillo- 
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scope will permit waveform distortion to be obs: 
located. In the case of toyone of the 


circumstonces with 6 
possible that the audic pel i 


oscilloscope (becaus: 


In uny event, the POPE metnod of determin 
distortion exists and of locating the origit: of distortion are 
to use an oscilloscope to observe the waveform, to mcke a 
resistance and voltage analysis to check the components, 
and to determine that the values of the element voltages 
are correct fer normel 

Ii the tank circuit i 
O}, sidenons clin 
frequencies will be lo 
interest ¢ since oes 


EMITTER-INSJECTION MODULATOR. 
APPLICATION. 


The emitter-injection modulator is used to p: 
level modulation in equipment operating at very low power 
levels. Ibis particularly well suited for small portable 
transmitters, such as walkie talkies, and for test equip- 


ment. 


CHARACTERISTICS. 


Operates by varyine 


frequency. 

Is restricted to low-level, small sianal operation. 

Uses common-emitter cory ration. 

Modulating sianal omp!itude is limited te less than that 
of the emitter bias voltage. 


CIRCUIT ANALYSIS. 
General. Emitter injection is very ilar to base ir 
jection, since both methods very the emitter-base bias. 
The carrier signal input is coupled to the base region of the 
transistor, while the modulating sianal is cpplied across 
the emitter swamping resistor to :~tulate the gain of the 
transistor i Oduicucn. Consequently 
very little modulator power is required. Much less than 
that required for electron whe catiode mo: 


wouidunes with 
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the basic r-f amelifier is shown in the accompanying 

figure. For simplicity, the r-/ circuit is shown without, 
bias supplies and a resistive load in place of the tank cir- 
cuit. Itis assumed thet normal forvard bias is applied the 
se pies is applied the 
Lis effectively con- 
nected ccross the ex Hiaebose junction, ond the load is 
connected between emitter and collector as shown. 


we A 


Simplified R F Amplifier Circuit 


With normal Class A bias applied, the r-f signal will 
vary the base voltace equally cbove ard below the operat- 
ing point (assuming a sine-wave signal), and a correspond- 
ing base current wil! fle. 
collector current will fle. 


& similar but larger (empliied) 
hrough the load resistor, ce- 
veloping cn coresitely colorized cutout voltax. This is 
the action of a jonal r-i uriplifier. 

Consider now the method by which modulation is ac- 
complished in the bias circuit, using uC cocompanying 


schematic tic. 


For simpli 


of the tank citcuit. [tis assumed that normal bias is op- 
plied the emitter-pase junction, and tnct a revers se bigs 
applied to the collecter junction. The m 
jected actoss the enitter swamp 
modulating 
the emitter circ 
same polarity. 
the emitter bias it partial! 
emitter bias. 


tter bias level 
modulating signal. Assuming a 
evident that the in- 


SINUSOLUGi 
stantcneous bic 


tantanesus amplification of the rf 
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Simplified Modulator Circuit 


r-f carrier input signal. To prevent distortion produced by 
driving the transistor into cutoff or into saturation, the 
modulation siqnal voltage must never exceed the d-c bias 
value. 

The circuit of a typical capacitance-coupled emitter 
injection modulator is shown in the following illustration. 


(Pr 


<s 
R-F INPUT 
o—_| 


AUDIO 
input! 


RI 
Ns Vee 


Emitter-Injection Modulator 


The r-f input is applied to the base of Q1 throuch r-f 
transformer T1 shown untuned for simplicity. Resistor Rl 
ond R2 form a base bias voltage divider from the supply 
to ground, which places a fixed forward bias on Q1. 
Capacitor C2 bypasses the divider to qround to prevent r-f 
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feedback into the bics supply. Resistor R3 and capacitor 
C3 form a conventional emitter swamping resistor bypassed 
to prevent degeneration. Only very slowly varying tempera- 
ture changes produce a voltage across R3. (See section 3, 
paragraph 3.4.1 for an expianation of BIAS CIRCUITS and 
paragraph 3.4.2 for an explanation of BIAS STABILIZATION 
for more detailed information on this portion of the circuit, 
if desired}. Transiormer T2 is the collector output trans- 
former with tuned primary L ond C4 acting as a conventional 
tank circuit across which the output signal is developed, 
The secondary of T2 is connected to the next amplifier 
stage, or to a load (an antenna in special cases). 

The bias voltage appearing across Rl is the effective 
bias applied to the base of Q1 through the secondary of r-f 
transformer T1. Thus the r-f input voltage is applied in 
series with the d-c tias provided by Rl. However, capac- 
itor C2 bypasses Rl to around for rf and together with C3 
effectively connects the secondary of Tl] from base to 
emitter. As the input signal vcries between positive and 
negative alternations, the emitter current varies similarly 
but oppositely (decreases on the positive part of the cycle 
and increases on the negative part of the cycle). The 
pulses of collector current applied across the tank load C4 
and L produce an amplified sine wave of r-f of the same 
frequency as the input. 

Consider now the effect of the modulating sianal. 

Since the modulating siq¢nel is coupled tnrough capacitor 
Cl, it appears as a varying af voltage across R3. While 
C3 bypasses R3 for rf, it is not large enough to bypass the 
a-f modulation. Thus the emitter voltage is alternately in- 
creased and decreased by the modulation which changes 
the base bias accordingly, so that the bias varies at the 
modulation rate. Consequently, the gain of the transistor 
is also changed at the modulation rate. The transistor is 
not exactly linear in its emitter-collector relationships, 

but is more linear than the base-collector re!ationship. 
While the output is not an exact replica of the input modula- 
tion, it will be similar in shape with troughs and valleys 
occurring at the same time but slightly distorted. Modula- 
tion is effectively linear from about zero to 96 per cent be- 
fore the transfer characteristic rounds off. Above this 
Tange the distortion tends to become excessive. Therefore, 
applications requiring full 100 per cent modulation general- 
ly employ the collector injection circuit, which will be dis- 
cussed later in this section. 

While a resistive collector load has been assumed for 
ease of explanation in the simplified circuit discussions, 
in practice a tuned (LC) tank is necessary to select the 
proper output frequency. In every modulator, there are sum 
and difference frequencies, and spurious frequencies are 
also generated (even in so-called linear modulators). There- 
fore, it is necessary to select the desired output frequency. 
In this case it is the frequency of the r-f corrier plus the 
sidebands generated in the modulation process. 


FAILURE ANALYSIS. 


General. When making voltage checks use a vacuum- 
tube voltmeter to avoid the low values of shunting resist- 
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ance employed on the low voltage ranges of conventional 
voltohmmeters. Be careful also to cbserve proper polarity 
when checking continuity with the ohmmeter, since a for- 
ward bias through cny of the transistor junctions will cause 
a false low-resistance readina. 

No Output. A defective transistor or open base circuit 
caused by a defective input transformer, or an open 
resistor will prevent operation. An open bias capacitor 
also con produce cutoff bias through degeneration if the 

t-{ drive and the resistance in the cireuit cre sufficient to 
Host operation, of these conditions can be checked 
by meons of 9 resistance or a continuity check with an 
ohmmeter. Anoper-circuited emitter, possibly caused by a 
defective swarpiny will also stop operation. 
An open StOp Operation; this 


voltage tc a will deli if 


the bias, sto bennett tee ta snd most likely ruin the transistor. 
In most cases, a simple resistance and continuity check 
combined with a ve alysis, using a high impedance 
voltmeter, will locate any of no-output troubles. 

Low Output. 1 to high a bias will cause 
ing of the ourput sianal, resulting in a low output with 
Ber matin odulation, the a-£ signal must be 
slightly greater thar the r-f carrier input signal. Lene 
lack of audio gain, a defective coupling cepacitor (CI), o1 
shorting the a-f siqmal to ground by a defective bypass 
capacitor (C3) con cause loss of or low audio, and produce 
a low output corditic use of on oscilloscope to 
check the waveform + fennt the point in the circuit 
where the waveforr 1s chen aed or ] org be observed, 
Lack of suff laces wW-output 
condition, since the a-i functions merely to modulate the r-f 
carrier. A defective orm 3 tank circuit can also cause 
a low autnuticonditier, eines themauimun culputis dex 
véloped un the suse frequency es that of the inpu: (carter). 
Where the modulation is present but t-f drive is lacking no 
output will appear with normal af drive, since the collector 
load impedance (tank circuit) is too lew to develop my 
voltage acrcss it since it is tuned to the r-f 

Distorted or Incorrect Output. Distortion will be caused 
by improper bias and collector voltage, or ky excessive in- 
put sianals. Check thecollector bias ard veltase with ¢ 
high te 
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Tf the tank circuit is too sharp (that is has tco kigh a 
Q), sideband clipping will also result and the 
higher modulation frequencies will be lost. | 
a condition is not likely to be found in 

that meets specifications. 


COLLECTOR-INJECTION MODULATOR. 


APPLICATION. 

The collector-injection modulator is used to produce 
modulation at either low or relatively hi ah levels, and up 
to. a maximum of 100 per cent ferse T transmitting 
equipment. 


RACTERISTIC 


1s operable under either small sisral or lorae signal 
conditions. 


Iscapable- cr Tal icone: 
CIRCUIT ANALYSIS. 


General. Collector-injection is the semiconductor 
counterpart of electron tube plate modulation. While plate 
modulation is usually alwa' : level, callector- 
injection can be at very low levels. In fact, at the present 
state of the art, linear moduiation for high trequency tren- 
sistors is limited to a maximum change of one tenth of a 
volt or less which is @ very low level of operation. In 
addition, the transistor ratings must be such that normal 
dc collector voltage does not exceed one half of the col- 
lector breakdown rati r : 
signal operation may cause breakdown. 
than the emitter bias are applied, rectification occurs 
the base circuit and causes an increase o1 bids. However, 
this slight bias shift does not create as much distortion 
when collector-injection is used as it would if either base- 
or-enitter injection were used. 

Circuit Operation, The accompanying illustration is 
a schematic of a typical collector-injection modulator 
circuit. 

The r-f drive voltage is apy 
through r-f transformer Tl, in 


oe 


primary Li 
tosecondary L2. The icon is held ato fixed forward bids 
by bias voltage divider Rl and R2. exe aS the t-f bypass for 
RI, preventing feedback of r-f into the bias supply and 


possible reacnerati 
po: 


ssible reacneration. 
compensation and is b 
tion. With the emitter at qo: 
varying d-c current changes caused by a temperature 
change will bias off the emitter and count: 
of increased current flow with increteins temrerature, 
The audio modulation is inserted » the col- 
fector of Gi through audio transforie: TS by cumnecting 
secondary Lb between the collectar 
tank. The secondary of T3 is also bypassed for r-f by C3 
to prevent r-f squeal in the audio circuits caused by food 
back. Output transform 2 has its 
L3 and C4 forming the tank, whicn 


the tendancy 


pply and the cutout 


primary tuned, with 
tively coupled 
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Collector-Injection Modulator 


to secondary L4 providing a modulated output. 

The fixed neaative base bias causes heavy forward con- 
duction in Q1, and base current flows from the supply 
through R2, 1.2 secondary, and through Q1 emitter-base 
junction back to ground through emitter swamping resistor 
R3. Thus the base is held near cutoff for large signal oper- 
ation (and is Class A biased for small signal operation). 
With only the r-f drive signal cpplied, collector current is 
decreased during the positive half-cycles and increased dur- 
ing the negative half-cycle. This is conventional r-f am- 
plifier operation and provides the normal r-f carrier. 

Assume now, that modulation is applied to the input 
of L5, The signal is transformer coupled into the secondary. 
Thus during the positive half-cycles of modulation (assum- 
ing on in-phase connection) the collector voltage is opposed 
decreasing the effective collector voltage. On the negative 
half-cycle the polarity of the modulation adds to the col- 
lector voltage, increasing it. Thus the transistor qain is 
altemately decreased or increased in accordance with the 
modulation swing. When the aain is increased a peak of 
modulation occurs, when decreased a trough in the modu- 
lation occurs. If the transistor qain varies linearly, 100 
percent modulation is achieved when the collector voltage 
is doubled on the negative half-cycle. Although secondary 
L6 of T3 is bypassed by C3, the bypassing is effective for 
tf only and the af signal remains effective in changing the 
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instantaneous collector voltage. The output tank circuit 
varies in accordance with the modulation and inductively 
couples the output to L4 secondary of T2. In small-signal, 
Class A operation the tank circuit determines the output 
frequency. In large-signal, Class B or C operation, the 
tank supplies the missing half cycle which is lost during 
cutoff, and also determines the output frequency. Thus 
distortion is kept to a minimum for either small-or large- 
signal operation. 


FAILURE ANALYSIS. 

General. When makina voltage checks use a vacuum 
tube voltmeter to avoid the low values of shunting resist- 
once employed on the low voltage ranges of conventional 
voltmeters. Be careful, also, to observe proper polarity 
when checking continuity with the ohmmeter, since a for- 
ward bias through any of the transistor junctions will cause 
a false low-resistance reading. 

No Output. A defective tronsistor, open base, emitter, 
or collector circuit, or a loss of bias will prevent operation. 
An open base circuit can be caused by lack of continuity 
inthe windings of Tl, Check L1 and L2 for continuity 
with an ohmmeter. Likewise, an open bias circuit may be 
caused by either Rl or R2 open. If R2 is open the opera- 
tion is certain tocease, put with only Rl open some bias 
will be produced through R2 and the transistor, so complete 
output should not be lost. Check the values of Rl and R2 
with onohmmeter. An open circuited emitter, possibly 
caused by a defective swamping resistor R3, will also stop 
operation, Check the value of R3 using an chmmeter. An 
open circuited collector will also stop operation; this can 
be caused by an open tank coil L3, a high resistance 
soldered joint, or by shorting of tank capacitor C4. An 
open modulation transformer will also prevent collector 
voltage from appearing if it is in the secondary of T3, 
as well as a short on C3, Use an ohmmeter to check the 
winding for continuity and on ohmmeter to check C3 for a 
short. If all the circuits thus far are found to have con- 
tinuity ond correct value there are still two possibilities. 
Transistor Q1 may be defective or output winding LA of 
T2 may be open. Check L6 and L4 for continuity with an 
ohmmeter. Improper supply polarity will reverse the bias, 
stop operation, and most likely ruin the transistor. In most 
cases a continuity check combined with a voltage analysis, 
using high impedance voltmeter, will locate any of the 
no-output troubles. 

Low Output. Improper bias can result in a low output 
with distortion. Check R] for proper value with an ohm- 
meter. Low output can also be caused by low collector 
voltage. First check the unmodulated value to be certain 
itis normal, and then check the instmtaneous value with 
modulation using an oscilloscope. The modulation should 
be able to drive the collector from zero to twice normal 
voltage, less than this will procuce less than 100 per cent 
modulation. Check the waveform with an oscilloscope. 
Lack of sufficient r-f drive will also produce a low-output 
condition, since the af merely functions to modulate the 
carrier, A defective o: mistuned tank circuit can also 
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couse a low-output condition, since the maximum output is 
developed on the same frequency as that of the input 
(carrier). With no ai applied mig low drive, the carrier 


amplitude will 


normal or less 


“Te dtormin 


iS! Te 

djust tie tank for maser 
current) if there is no sharp dip in cui 
peak output as the tuning capacitor is rotated, check the 
tuning capacitor for an open or short. 

Distortion or Incorrect Output. Distortion will be 
caused by improper bias or collector voltaqe, ond t 
cessive input sicr al snust not exc 
d-c bius; otherwise, rectification of the r-f wiil occur and 
change the dics, and, as a result, produce a slg uENae: 
tion shift on peaks, 


or proncuncec 


tortion 
since only G 1 
lector modulation. tion sional will 


cause peak clipping and distortion since the neqative peaks 
will enter scturation and be lost. Use of an oscilloscope 
will permit this type of waveform distortion to be observed 
and located. It is also possible that excessive modulation 
peaks con exceed the maximum inverse voltage, and like- 
wise cause peak clipping effects and possibly damage the 
transistor. 
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SINGLE SIDEBAND MODULATORS 

Amplitude modulation is the vrocess by which the 
amplitude of a signal called the carrier frequency (usually 
t-f}, is varied by omother signal (usually af). The resultant 
modulated r-f signal com be separated into three different 
frequencies. They are the original r-f carrier and the upper 
and lower sidebads. se sidebmds are actually sum 
and difference frequencies generated through the process 
of frequency coriversion. Two thirds of the average 
radiated power of a fully modulated AM transmission is 
contained in the rf carrier. Since all of the intelligence 
contained in the modulating signal is transposed to the 
upper and lowe ands, which are identical to each 
other, the carri cf the sidebods may be eliminated 
from the output without changing the remaining sideband. 
This allows the availatle transmitter power to be utilized 
to a much greater acvartaqe in a single sideband. This 
type of tronsmission is senerally known as suppressed 
carrier single sidebar, The discussion of electron tube 
single sidebonc mox n section 14,2 of this Hand 
book is generally cpplicadle to semiconduator single side 
band modulators. In yeneral, semiconductor versions of 
electron tube sinc deband modulators provide all the 
advantages one would expect to find in semiconductor cir- 
cuits such as greater reliability, cooler operation, greater 
power efficiency and smcll size, in light-weight units. 

In single sideband transmitters the carrier is usually 
suppressed or eliminated sy the use of a balanced modulator. 
The basic principle of a balonced modulator is to introduce 
the r-f carrier to the palar.ced modulator in such a way that 
it does not appear in the output. There is only an output 
signal when both the audio modulation and the r-f carrier 
are present simultcneously at the modulator input. This 
output signal consists of only the upper and the lower side- 
band frequencies generated in the balonced modulator by the 
mixing of these two input signals across the nonlinear re 
sistance of the transistor. The original audio modulation 
and the r-{ carrier inputs are suppressed because of the 
operational characteristics of the circuit. All types of 
balanced modulator circuits function somewhat alike. 
Semiconductor balanced modulators are discussed in detail 
in the following paragraphs. 


BASIC BALANCED MODULATOR. 


APPLICATION. 

The semiconductor basic balanced modulator is used to 
produce amplitude modulated upper and lower sideband 
frequencies for use in single sideband tronsmitters. 


CHARACTERISTICS. 

Utilizes nonlinear characteristics of transistors to 
produce sidebands. 

Produces amplitude modulated upper and lower side 
bands while suppressing the rf carrier, 

Uses push pull output and parallel input to cancel out 
the carrier. 
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Modulation is accomplished at low power levels; there- 
fore, no large modulate: power supplies anc ‘transformers 
are needed. 
Can provide conversion qain, i.e., sideband cutput 
greater thon modulation input. 


CIRCUIT ANALYSIS. 

General. The basic balanced meduiater produces ampli- 
tude modulated upper and lower sidebands ond suppresses 
the r-f carrier. This is achieved sy coupling the r-f 
carrier, in-phase, to the bases of two transistors whese 
output is connected in push-pull, {out of prese). Tre rf 
carrier is kept 8 to 10 times as large as the modulating 
voltage to keep distortion to a minimum. In push-pull 
amplifiers ar input signal must be out of phase to produce 
a output since any in-phase inputs cancel in the output. 
The modulating signal is applied to the base of each tran- 
sistor in push-pull (180 dearees out of phase) tnrough a 
center tapped transformer. When both rf carrier and audio 
modulating signals are applied simultaneously to the bases 
of the balanced modulators, sum and difference frequencies 
(sidebands) are produced by the modulating frequencies 
beating against the carrier, since any amplitude moduia 
tion process is essentially the same cs heterocyning. As 
in a frequency converter, any modulation which exists on 
one of the mixing frequencies is linearly transposed to the 
resultant sum and difference frequencies. The collector 
circuit contains the upper and lower sidedands which are 
the sum and difference frequencies, respectively, the ri 
cartier, and the audio modulation. The carrie: is cancelled 
out by push-pull action in the output transformer, and the 
output transformer also presents a low impedance to the 
audio modulating signal. Therefore, the original modulat- 
ing signal also is not developed in the cutout. The gen- 
erated sidebands are out-ofpnase with eack othe: at the 
collectors of the transistors, since the modulati 
is out of phase at the bases. These out-ofphase signais 
add in the output transformer rcther then cance! as in-phase 
signals do, and they are inductively coupl tne fcllow- 
ing stages through the output transformer. 

Circuit Operation. The accompanyinc diacram illus 
trates a basic semiconductor balanced modula! 
Audio transformer T1 couples the audio nodulation te 
the bases of transistors Q1 and 02. Resistors Rl and R2 
form a base bias veltage divider which provides the proper 
bias for the transistor. Capacitor Cl piaces the center tap 
of Tl at of ground potential to supply an out 
(push-pull) input. Capacitor C2 couples the +f ccrrier from 

the carrier oscillator to the slicer of cartier nclance 
potentiometer R3. Potentiometer R3 can be 
vary the relative amplitude of the r. simal voitaqe 
on the bases of C1 ond Q2, to pr ier balance con- 
trol, so that the r-f carrier can be completely suppressed 

in the output. Capacitors C3 and C4 couple the r-f carrier 
from balance potentiometer R3 to the bases of Q1 and 2, 
and also act as d-c bios blocking capacitors to prevent 

base shorting. Transisters Q] and Q2 are the nonlinear 
devices used for generating the s:debancs. Resistor Rd, 
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which is bypassed by Chis a conventicnal emitter stabilizo- 
tion resistor intended to prevent chenges in temperature 
fromclteriny transistor characteristics. Center-tapped 
output transtormer T2 provides @ push-pull collecter load 

ioe the mo: tulators. 
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fs Fareed a EO a 
SU Onn er Meena 


applied. The tt carrier gen 
is coupled tnroud 


reas, We 


is coupled tnrough capaciiors C3 and C4 to the bases of 
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posing signals are exacuy equal in anlitude ond the 
carrier is completely suppressed. Thus, it can be seen that 
m output is not produced with orly gn rf carrier input 
applied. 

When audio modulation an¢ the r-i carrier are both ap- 
plied simulaneously, a ditierent situation cuses. The audio 
modulation is applied through tecnsto:mer T ce the 
secondary of T! is effectively cen tertapped by Cl, R2, 
ond the bios suppiy, modulution signal voitages are de 
veloped across cach half of the secondary winding of Tl 
which are out of phase with each o The out-of-phase 
modulating siqals are app! » to the base of each 
transistor. Capacitors C3 and C4 are of such a value Tice 


they vresent o high r: midi fr, 
they oresent.c igh, 


fo imnedanc: 
fe impecanc: 


and thus prevent ony aucio :noculotion from felis ‘back 
from one base to thé Gther and curvending euch other out. 
Meanwhile, the audio mo = mocuiates 


re} 
ge 
Q 


sulatind <i 


sorted it carrier and pa 
in the collector circuit sat transis 
sidebands ore produced by mixina the 
and the modulation siqnal together ucress « nonlinear de 
vice. (Detailed information conceming fr equency conver 
sion, (mixing or heterodyning), cen be iound in the inue- 
duction to Section 13 of this Handboox.} To better illus- 
trate the operation of the basic balanced modulator 
both r-f carrier and modulection applied, assume that the 
first half cycle of the modulating signal voltage applied 
to the base of Q] is positive and the first half cycle of the 
modulating signal applied to the base of Q2 is neqative. 
The conduction of O1 


re conduc st Q1 decre 


ith 


positive half cycle of modulction "CML opposing 
ward bias of the ett ba sults 
negative going sideband frequencies peine deveioped curass 
the top half of the output transformer. At the same instant 

the conduction of Q2 increases as aresult of th 


going nali cycle of modulation 


bias of the emitter Base junction, onc causing positive 
going sidebmd voltages to be dev a cped across the bottom 
half of the output tran r 
and the side band frequency sicr-al woltases 
other causing both upper ond lower sidebonds to be Ge 
veloped and inductively co. we 
The r-f carrier is suppressed, as eS ae earlier, and the 
orginal audio modulating signa is not developed due to 
the low reactence 91 T2 te asdie frecuenc Therefore, 


only the upper and lower sidebands are mroduced by the 
balanced modul ator, 


tion. 


ad te the cocondary of 


FAILURE ANALYSIS. 
General. When 
tube voltmeter to avoid tt 
ace employed on the low-voltase ranacs co: the stoncard 
20,000 chm ae careful oe bosbsenvd 
beam-chmmeter, 
dle, JUNCUGNS 


y OF the tear 
will cause a false low resistance reading, 
No Output. Since each leqot th 


@ 


14-B-11 


ELECTRONIC CIRCUITS NAVSHIPS 
odulator is not 1ikely to cause a 
no-output condition to exist, unless the failure occurred in 
amanner that would affect the power supply such as a 
shorted transistor or a shocted C6. Failure of the power 
supply itselfis a likely cause of nc output. [If the power 
supply measures normal when checked separately and no 
collector voltage oppears on Q1 or Q2, check 12 primary 
and C6 for a short or grounc. An open or shorted RI or R2 
or a shorted Cl would remove the pics from: transistors Q1 
and Q2 and could also cause a no-ou'put condition to exist. 
Since R4 is a common emitter resistor for both trensistors 
ano-output condition would also result if R4 opened. 
Check for proper value with an ohmmeter. Since cny bal- 
anced modulator produces an output only when both the rf 
carrier and the modulating signal are present, absence of 
either of these signals on the base of each transistor 
would cause the balanced modulator to be inoperative. 
Presence of the input signals con readily be determined by 
observing, with on oscilloscope, the waveform present at 
these points with the carrier oscillator operating and with 
modulation applied to the transmitter. Absence of the audio 
modulation on the bases of the transistors could be caused 
by a defective audio input transformer, T1, or by failure of 
the audio stages preceding the balanced modulator. 
Presence of audio modulation on the primary of Tl indicates 
that the preceding audio stages are functioning properly. 
Should the modulation be present on the primary of T1 but 
absent on the bases of the transistors, Tl is mosi likely 
defective (check the primary ond secondary for continuity 
with an ohmmeter). Presence of the r-f carrier at the 
input to coupling capacitor C2 indicates that the car- 
tier oscillator is operating. In the event that the 
r-f cartier is present at the input of C2 but is absent on 
the bases the trmsistors, capacitor C2 or potentiometer 
R3 may be open. Check R3 for proper value and C2 for 
value with an in-circuit capacity meter. Failure of C3 or 
C4 would only disable one leg of the balanced modulator 
and an output would still result. Signal tracing from C2 
to the bases of the transistors will reveal which component 
is at fault. Another possible cause of no output is a defect 
in output transformer T2. Continuity checks of the trans- 
former windings and checks for leakage between the primary 
and secondary and between each winding and around will 
teveal whether or not a defect exists in the transformer. 
Low Output. A low output condition could be caused 
by a defective tronsistor, a faulty circuit component, a 
defective power supply, or by low ampiitude rf carrier or 
modulation input. Voltage checks should be made of the 
power supply voltage and of transistor elements to deter- 
mine whether or not a defective power supply or « faulty 
component is the cause of low output. A cnonce in vaiue of 
resistors Rl or R2 or leakage in capacitor Cl would chonge 
the base bias of transistors Q] and Q2 and could cause a 
low output condition. If CSopens the resulting degenera- 
tion would lower the gain of the modulator circuits and 
could cause low output to result. Likewise, an increase 
in value of emitter stabilization resistor R4 would alter the 
operating bias of the tansistors and could cause a de 


one leq of the balance 
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creased output. Cneck 7 
The amplitude o 
be checked by cbhservin] with an ose: 
present at the base of each transistor. If either input signal 
is low in amplitude, the cause com be determined by signal 
tracing from the bases of the trmsistors to the 
preceding the balanced modulator. If either C3 or C4 opens, 
one legof the balanced modulator would be inoperative and 
Jow output would result. Do not overlook the possibility 
that a defective output transformer cm also cause low out- 
put. Check the resistance to ground with an ohmmeter. 

Distorted Output. Distortion of intelligence will result 
in SSB systems if the receiver ad transmitter are not 
exactly on frequency. Distortion in SSB transmitters is 
usually the result of improper operation of the linear power 
amplifier or of operating any stage beyond its capabilities. 
Should the distortion be determined to be caused by the 
balanced modulator, check the modulation level to make sure 
that the audio circuits are net overdriving the oalanced 
modulator. If the modulation level is correct, distortion 
could still be caused by adefective transistor. Hf the tran- 
sistors are Getermined to be good and distortion persists, 
voltage checks cf transistor elements with a high resist- 
ance voltmeter would reveal whether or not a defective com- 
ponent or a defective power supply is the cause of distor 
tion. Low amplitude r-f carrier input could also cause 
distortion. The r-f carrier input should be 8 to 10 times the 
amplitude of the modulating signal. 


BALANCED COMPLEMENTARY SYMMETRY MODULATOR 


APPLICATION. 

The balanced complementary symmetry modulator is 
used in single sideband transmitters to produce amplitude 
modulated upper and lower sidebands. 


CHARACTERISTICS. 

Produces amplitude modulated upper and lower side- 
bands while suppressing the r-f carrier. 

Utilizes a PNP and an NPN transistor connected in a 
complementary symmetry circuit. 

Requires two collector power supplies (one positive 
and one negative supply). 

Static current does not flow through the output trans- 
former. 

Utilizes thecommon collector configuration. 

Requires two separate bias supplies. 


CIRCUIT ANALYSIS. 

General. The balanced complementary symmetry modu- 
lator produces amplitude modulated upper and lower side- 
bonds and suppresses or cancels the r-f carrier, which is 
used to generate the sidebands. Basically this is achieved 
by coupling the audio modulation in parallel (in-shase) to 
the bases of two opposite polarity (PNP and NPN) tran- 
sistors connected in a complementcry symmetry confiqura- 
tion, and simultcneously coupling the r-f carrier in push 
pull (180° out-of-phase) to the bases of the transistors. It 
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should be noted that, while the transistors are of opposite 
polarities, they have the same operational charecteristics. 
The audio modulation and the r-f carrier beat together in the 
nonlinear sesistance of the transistors, and sum and dif- 

1ce (sideband) frequencies are produced. The side 
Tequencies are developed across the output trans- 


< to the following stages. 


mged so that the rf carrier and 
the crigina! audio modulating signal do not appear in the 
output. For minimum distortion the r-f carrier is main- 
tained ct c level 8 tc 10 times greater than the audio 
modulating signal. 

ary revit Operation. The accompanying diagram illus- 
trates a bolunced complementary symmetry modulator. 


*Vob b 


Balanced Complementry Symmetry Modulator 
(common collector configuration) 


Audio transformer Tl couples the audio meduletion from 
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former TZ equnies the r-{ carrier from the carrier oscillater 
toboth sides of cartier balance pedentios voter RG, Teriat 
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pn seondaty af carrier ir 
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sistors Ql and Q2 are the nonlinear devices used to gen- 
erate the sidebands, and transformer T3 serves as the out- 
put load for the balanced complementry symmetry modulator. 
Since both transistors have the same operational 
characteristics both tronsistors conduct equally with no 
signal input, and thus both transistors have equal equivalent 
emitter-collector resistance. Thus, it can be seen that a 
balanced condition exists between Q1 and Q2, and the 
voltage drop across Q1 is equal to the voltage drop across 
Q2. Since the absolute value of voltage between each 
power supply and ground is the same ond the voltage drop 
across the transistors is equal, there is no voltage between 
point A in the figure and ground, and thus no current flows 
through output transformer T3, and no output is produced. 
When ¢ push-pull (180° out-of-phase) input a signal 
is applied, in this case the r-f carrier, the following takes 
place. During the period of the input cycle when the base 
of Q] is driven positive and the base of Q2 is driven neaa- 
tive, conduction of both Ql and Q2 decreases. This is due 
{oa reduction in forward bias applied te each transistor 
(PNP transistor Q] normally has its base biased more 
negative than its emitter and NPN transistor Q2 normally 
has it base biased more positive than its emitter). This 
decrease in conduction of Ql and Q2 is in effect an in- 
ctease in equivalent emitter-collector resistance and, 
since poth transistors have the same operational character- 
istics, both transistors decrease conduction in equal a- 
mounts. Although the equivalent emitter-collector resist- 
ance of both transistors increases, it increases equally 
in both transistors and, therefore, ine voltage drop across 
Qi remains equal to the voltage drop across Q2. Once 
again the balanced condition between Q] and Q2 is main- 
tained and na output is produced, since nocurrent flows 
through output transformer T3. During the next half-cycle 
of r-f carrier input a neqative-qoing half-cycle of rf is 
yupled from transformer T2 to the base of Q1 ond in- 
creases rward bias on Q] causing the conduction of 
QI to increase. Simultaneously, a positive half-cycle of 
1-£ is applied to the base of Q2, where it again increases 
the forward bias on Q2, causing the conduction of Q2 to in- 
crease, Both transistors increase conduction at the same 
rate, and the equivalent emitter-collector resistance of 
Loth transistors decreases equally. Again the voltage drop 
across euch transistor is equal and a balanced state is 
maintained. Hence no output is produced. In this manner 
s effectively suppressed in the complementry 
dlonced modulator. In actual practice, the 
churucteristic found between evenly 
matched pairs of transistors necessitates the use of some 
extemal methed of bolancing the clicult. The complementry 


Ing it possible ro any the amplitude of the 
t-f corrier coupled tothe base of QI with respect to the an- 
plitude of the r-f carner coupled to the base of Q2. This is 
achieved by effectively center-tapping the secondary of r-f 
carrer input transformer T2 by connecting both sides of po- 
tentiometer RS actoss the secondary of T2. Varying the 
position of the yrounded slider of RS has the same effect as 
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varying the position of the center-tap on a centertepped 
transformer. 

When audio modulation in addition to the r-f carrier is 
applied simultaneously to the balanced modulator, upper 
and lower sidebands are generated as the result of the rf 
carrier frequency and the audio modulating frequency beating 
together in the nonlinearly operated transistors. Four 
basic frequencies are present in the emitter circuit of the 
transistors. These frequencies are the original rf carrier 
frequency, the original audio modulating frequency and the 
sum and difference frequencies (sidebands) resulting from 
heterodyning action. However, only the sideband frequencies 
ore present in the output. 

‘The audio modulation is applied to the base of each 
transistor in paralle} (in phase) through transformer Tl. 
During the positive half-cycle of modulation input the for- 
ward bias on Q! is opposed by the modulating signal (Q] 
is a PNP tronsistor) and conduction of Ql decreases. At 
the same time, the positive half-cycle of modulating signal 
aids the forward bias an Q2 (Q2 is an NPN transistor) and 
conduction of Q2 increases. The balance between Q1 and 
Q2 is now upset since the equivalent emitter-collector re- 
sistance of Ql increased causing an increased voltage 
drop across Q1, while the equivalent emitter collector re- 
sistonce of Q2 decreased causing a decreased voltage drop 
across Q2. Point A in the figure is no longer at ground 
potential but at some positive voltage and current flows 
through output transformer T3 causing an output to be pro- 
duced. The r-f carrier component of emitter current is 
cancelled as explained previously. The sideband component 
of emitter current and the original audio modulation com- 
ponent of emitter current flows through the primary of out- 
put transformer T3, but the output transformer presents a 
very low impedance to audio frequencies, therefore, audio 
frequency voltage is not developed across the primary of 
T3. Only the upper and lower sideband signal voltage is 
developed across the primary of output transformer T3 ond 
is inductively coupled to the following stages. Overall 
circuit operation is the same for the negative half cycle of 
audio modulation input. That is, during the negative half- 
cycle of modulation input the forward bias on Q) is in- 
creased and conduction of Ql increases. At the same time, 
the negative half-cycle of modulation signal decreases the 
the forward bias on Q2 (an NPN transistor) and decreases 
conduction of Q2. The balance between Q1] and Q2 is now 
upset because the equivalent emitter-collector resistance 
of Ql decreased, causing a decreased voltage drop across 
Ql], while the equivalent resistence of Q2 increased causing 
an increased voltage drop across Q2. Point A in the figure, 
is therefore, no longer at ground potential, but is at some 
negative voltage so that current flows through output trans- 
former T3, causing an output to be produced. The r-f car- 
rier component of emitter current is cancelled as explained 
previously. Although both the sideband component of emitter 
current and the originc! modulation component of emitter 
current both flow in the primary of T3, the low impedance 
offered to the audio modulation is insufficient to develop 
an gudio frequency voltage across it. Therefore, only the 
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upper and lower sidebands are inductively coupled to pro- 
duce an output in the secondary of T3. 


FAILURE ANALYSIS. 

General. When making voltage checks, use a vacuum 
tube voltmeter to avoid the low values of multiplier re- 
sistance employed on the low voltage range of the standard 
20,000 ohms-per-volt meter. Be careful also to observe 
proper polarity when checking continuity with an ohmmeter, 
since a forward bias through any of the transistor junctions 
will cause a false low resistence reading. 

No Output. Since transistor Q} ond its associated cir- 
cuit performs essentially the same function as transistor 
Q2 and its associated circuit components, failure of either 
transistor or associated circuit components is not likely 
to cause a no-output condition to exist. Likewise, failure 
of either the positive or negative power supply is not likely 
to cause a no-output condition to exist, since each power 
supply serves only one branch of the modulator, Failure of 
a component, suci. as the oudio modulation input trons- 
former T1, the r-f carrier input transformer T2, or output 
tramsformer T3 all of which serve both branches of the 
modulator could be a cause of a no-output condition. Con- 
tnuity checks of the transformer windings and resistance 
checks for shorts to ground or excessive leakage between 
windings will reveal o defect in either Tl, T2, or T3 which 
could cause 4 no-output condition toexist. Failure of Tl 
or T2 could cause a no-output condition to exist by failing 
tocouple either the audio modulation or the r-f carrier to the 
balanced modulator. Likewise, failure of the source of the 
signals (modulating signal or r-f carrier) would also create 
a@no-output condition. To determine whether or not the 
signals are reaching the balanced modulator observe, with 
an oscilloscope, the waveform present on the primary of 
audio input transformer T1, and the waveform present on the 
primary of r-f carrier input transformer T2. Absence of 
either of these signals results in a no-output condition and 
indicates that the fault lies in the stage, or stages preced- 
ing the modulator. 

Low Output. Failure of almost any component in the 
complementry symmetry balanced modulator could result 
in a decreased output. Failure of, or improper output from 
from either power supply could result in low output ond the 
power supplies should be checked and repaired or ad- 
justed, if necessary, before any component substitutions 
are attempted. Deterioration of either of the transistors 
could also be a cause of decreased output. A low 
output condition could also be due to improper base 
bias applied to either tramsistor. Check the voltage 
present on the base of Q1 and Q2 with a vacuum tube 
voltmeter. If a discrepancy is found the most likely 
cause is a change in value of voltage divider resistors 
Rl and R2 (for the base of Ql) or R3 and Ré (for 
the base of Q2). Improper base bias could also be caused 
by a short in coupling capacitor C1 or C2. If Cl or C2 
opened, a low cutput condition would result since the rf 
carrier would be unable to reach the base of either Q1 or Q2. 
A partial failure of transformers T1 or T2 could result in 
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decreased amplitude audio modulation, or decreased ampli- 
tude r-f carrier, reaching the bases of the tronsistors. This 
condition would likely result in decreased output. Careful 
resistance and leakage checks, with an ohmmeter, would 
usudily indicate a partial failure that could be the cause of 
low output. Likewise, decreased amplitude r-f carrier or 
audio modulation before it reaches the modulator could be 
the cause of low output. The existance of this condition 
can be determined by observing, with an oscilloscope, the 
omplitude of the input signc}s on the primary of the respec- 
tive input transformer. Another possible cause of low out- 
put coud be due to c defect in output tran ser T3. Re 
sistance and leakage checks of the transformer windings 
should indicate a possible defect. 

Distorted Output. Distortion of inteliigence will occur 
in single sideband systems when the transmitter and re 
ceiver are not exactly or frequency. singte 
sideband transmitters is usually the result of improper over- 
ation of the linear power amplifier, or of operating any stage 
beyond its rated capabilities. If system distortion is 
determined to be caused by the modulator, almost any com- 
ponent which could cause low output can clso be suspected 
of causing a distorted output. The power supply voltages 
should be checked first and adjusted, if necessary. A 
check of base bias voltage of both transistors would re- 
veal if a fault exists in voltage divider resistors Rl, R2, 
R3, and R4. An open or shorted carrier balance potentio- 
meter R5 could also cause a distorted output to result. 
excessive audio input could be the cause of distorted 
Since the rf currier input amplitude should, for good fidei- 
ity, be 8 to 10 times the amplitude of the audio modulat- 
ing signal, a decrease in amplitude of the r-f carrier or 
excessive audio input could be the cause 91 di 
output. The amplitude of the r-f carrier input and the am- 
plitude of the audio modulation input can be easily checked 
by observing, with an oscilloscope, the waveform present 
at the primary of the respective input transformer. 

Do not overlook the possibility that the audio modulat- 
ing signal is distorted before it reaches the modulator. 


ted 


FREQUENCY MODULATORS (FM). 

The semiconductor °M modulator varies the frequency cf 
@ carrier above and below the center frequency similarly 
to that of the vacuum tube. Frequency siodulation is usu- 
ally accomplished at very low levels as compared with 
tube uperation. In many instances the woduiation is ac- 


ncy carrier and the modu 


complished with @ low-frequ 
ted carrier is then frequency multiplied untll gesiz 
center frequency is reached. Since the input and output 
impedances of the transistor are tunctions otf the operating 
point, the transistor may be used as a reactence modulate 
Thus o transistor oscillator 

with the output side of the modulator connected across 
part of the tank cail. Thus voice var 
tion signal vary the reactive output impedance of « 
modulator and change the Geer la er ditelys 
Another modulation method is to vary 


of the modulator by varying the bias. se treat Hee 
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modulation can be inserted in either the emitter, base, or 
collector circuits. Since the reactance modulator is more 
efficient and provides large deviation it will be discussed 
in the following paragraphs. 


BASIC REACTANCE MODULATOR. 


APPLICATION. 
The reactance modulator is used to frequency modulate 
low power semiconductor transmitters. 


CHARACTERISTICS. 
Uses collector to emitter output capacitance to provide 
reactive freqiency cantral 
Operates at relatively low power fevels. 
Sh th ator tank coil. 


@ portion of th 
Requires further limiting er clippinc to elimincte a 


residue! 1 in 1S nercon 


Uses a single transistor to achieve full mulatta; 


CIRCUIT ANALYSIS. 

General. in on fm transistor, modulation is accom- 
plished at the oscil Hato: stage. The wrensitor oscillator 
ts frequency modulated in the same manner as an electron 
tube oscillator, or by varying the uit ut tie modulating 
rate as is done with AM transistors. When the oscillator 
is fm modulsted a slight amount of AM modulation is 
also inserted. Thus the modulated fm oscillator requires 
a limiter stage to remove the amplitude modulation before 
it is further amplified or multip:ied in frequency, This is 
easily accomplished in a sinzle stace. 

Circuit Operation. The accomea: schematic shows 
the circuit of ¢ typicel frequency-modulated oscillator 
stage operated os a reactance modulator. 

Transistor Q] is the FM oscillator. Resistor Rl and 
R2 are base bias voltage dividers, Primary 1.1 of tr 


Li of trans. 


former T1 together with capacitor Cl form the tuned tank 
adjusted to the oscillator output frequency. R6 is the 
modulator load resistor. Secondary L2 of Tl is the col- 
lector to base feedback wincing of the oscillator. Tertiary 
winding L3 is on inductively coupled output winding which 
couples the FM output signal to the next stage, ot in special 
cases to an antenna. Transformer Tz is on audio trans- 
former which inductively couples the medulation input to 


ction of C2, the modulator stage. Re 


sistors K3 and 14 are base bics voltage dividers, while RS 
is anemitter s. ing resistor bypassed by C2 for tempera 
ture stabilizatu : put capacitance of Q2 shown 
dotted as Cee shunts a portion of the t-f oscillator coil LI. 
As the moduiator operte:: tne outer t capacitance of 02 is 


varied. Th ed in 


gecordanc 


varied instead, 
When the modulation is applied to the primary of T2 it 
is coupied into the base cirenit. Thus th itter-base 


tne fs 2 oscillater i 


quency of 


2 as if C] were 


bias chunges constontly at the wiodulation rate. Since the 
bias is increasing end decr 17 ot the modulating rate, 


the coliector voltage of G2 m inere: 


os and decrease: 
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Reactonce Modulater 


the modulating rate. When the collector voltage increases, 
output capacitance Cee decreases, and conversely, when 
the collector voltage decreases. (An increase in voltage 
has the effect of spreading the capacitor plates further a- 
part by increasing the width of the PN barrier. Conversely, 
the reduction of collector voltage reduces the width of the 
PN junction and has thesameeffect os pushing the capaci- 
tor plates together to provide more capacitance). 

When the output capacitance of Cce decreases because 
of the increase in collector reverse bias, the resonant 
frequency of the Q1 oscillator tomk circuit increases as if 
Cl were decreased, and produces a higher frequency rf out- 
put. Conversely, when the output capacitance of Cce in- 
creases because of adecrease in collector reverse bias, the 
resonant frequency of Q) oscillator tank circuit decreases 
and produces a lower frequency r-f output because of the 
shunting effect of Cee. Thus the resonant frequency of the 
oscillator tank circuit is increasing and decreasing at the 
modulating rate. Hence, the oscillator frequency is also 
increasing and decreasing at the modulation rate. The out 
put of the oscillator, therefore, is ¢ frequency modulcted 
carrier signal. Since the cudio modulation causes the col- 
lector voltage to increase and decrease, there is an AM com- 
ponent induced into the output. This produces both an 
FM and AM output. By placing a limiter stage after the 
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teactance modulator, the amplitude variations are removed 
and only the frequency modulation remains, with a constant 
amplitude output. Frequency multipliers are then used to 
increase the oscillator frequency to the desired output fre 
quency. For high power, lineor r-f amplifiers are used to 
increase the steady amplitude signal to a particular level 
and power output. With the initicl modulation occuring at 
low levels fm represents a saving in power as compared 
with conventional AM, with the FM noise reducing prop- 
erties providing a better signal to noise ratio than is pos- 
sible with AM. 


FAILURE ANALYSIS. 

General. When moking voltage checks, use a vacuum- 
tube voltmeter to cvoid the low values of shunting resist 
ance employed on the low voltage ranges of conventional 
voltmeters. Be careful also to observe proper polarity 
when checking continuity with the ohmmeter, since a forward 
bias through any of the transistor junctions will cause a 
false low resistance reading. 

No-Output. Open bias resistors, open collector resistor 
R6, or open windings on Tl, can cause a no-output condi- 
tion. Check the resistors for proper value with an ohmmeter 
ond the transformer for continuity. If satisfactory indica- 
tions are obtained but Q1 does not oscillate, the transistors 
may be defective. If Ql operates but no modulation is ob- 
tained, Q2 is defective. 

Low Output. Low collector voltage, low bias voltage, 
or a weak tronsistor may cause a low output. Check the 
supply voltage first to be certain it is normal, then check 
the collector voltage of both Q] ond Q2, and the base bias 
of Ql and Q2 also, if the collector voltage is normal. Also 
check collector resistor R6 for proper value if the modula 
tion appears weak. Low bias can be caused by a change 
in bias voltage dividers R1 and R2, and R3 and R4; check 
for proper resistance value with on ohmmeter. A high re- 
sistance connection in output winding L3 of Tl may also 
occur and course a reduced output. 
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